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South Carolina Department of Health and Environmental Control
Comments on Charleston Naval Base
Draft Zone C RFI Report
Dated January 1996

Comments by: Johnny Tapia

Comment:

1.

A map showing the distribution (depth) of Wando and Ashley formations should be
included in the final version of the Zone C RFI Report. As stated in the report, this map
should be available once data from deep wells on adjacent zones is obtained. Similarly,
on Section 2.2.6 the report states that a vertical hydraulic gradient map will be prepared.
The Department hopes to see this map on the final version of this report.

Response:

1.

A map of the distribution of the Wando and Ashley formations will be included;
however, the reviewers need to keep in mind that correlations between the 2 deep wells
in Zone C and wells in surrounding zones will be somewhat speculative due to the
limited data point control. A vertical hydraulic gradient map will also be included but
once again the data will be of limited usefulness because of the low number of data
points. (Page 2.17)

Comment:

2.

Section 2.2.8 “Hydraulic Conductivity” states that the mean value of hydraulic
conductivities contained in tables 2.3 and 2.4 are represented on Figure 2.3. The values
of hydraulic conductivity represented in Figure 2.3 do not resemble the values contained
in tables 2.3 and 2.4. This should be clarified.

Response:

2.

The data presented on figure 2.3 is incorrect and will be revised to depict the values
presented in the referenced tables. (Pages 2.19 and 2.20)

Comment:

3.

Section 2.2.9, states that “No velocity estimates were made for the deep aquifer since only
two deep wells are in Zone C.” This statement contradicts the following statement “The
groundwater velocity seems to remain relatively constant for both the shallow and deep
portions of the aquifer”. This comparison cannot be made since groundwater velocity was
not calculated for the deep portions of the aquifer and the limited number of deep wells
located in this zone. This contradiction should be clarified.
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Response:
3. The two sentences regarding groundwater which follow table 2.5 are not applicable
to the Zone C groundwater velocity discussion and have been deleted. (Page 2.21)

Comment:

4. Section 5.2.3. states that from the sampling event, chemical data set were put together for
upper soil (surface soil) and the shallow groundwater to compare to background. The
same should have been done for the lower interval soil and deep groundwater. How is the
Navy planning to address any sort of contamination in the lower soil interval and deep
groundwater? Should the number of samples be inadequate to make a thorough
investigation of all Zone C media, more samples would be required to collect to complete
the investigation.

Response:

4. Background values for surface soil, subsurface soil, shallow groundwater, and deep
groundwater were agreed upon in May 1997 by the project team. These values are
presented in Table 5.1. (Page 5.3) As has been the case with other zones, subsurface
soil contamination is evaluated with respect to potential for migration to groundwater.
In some instances the project team decides wells are needed and in some cases it is
agreed that the concentrations are minimal enough shallow groundwater should not
be impacted. Deep groundwater is being compared to background, MCLs, and being
evaluated with respect to potential human health risk.

Comment:

5. No background values were calculated for lower soil interval or the deep groundwater.
If these values are feasible to be calculated it should be done so. There is data from two
deep wells at Zone C and not all the second ground interval soil samples were saturated.
If there is no possibility of calculating these values, it should be explained; otherwise
include these values in the final report.

Response:
5. Please refer to response #4 above.

Comment:

6. Shallow groundwater background data sets was derived from two sampling points, and on
page 5-10 it is stated that reference concentrations were calculated by taking the mean of
the two values. However, table 5.6 that depicts the shallow groundwater background

2



Response to Comments

South Carolina Department of Health and Environmental Control
For Draft Zone C RFI Report

Charleston Naval Base

Dated January 1996

values shows that it was calculated using 2 x mean. This discrepancy should be clarified.
The Navy should be reminded that the background values obtained for Zone C are being
revised, the same way it was done for Zone B and A.

Response:

6.

The text has been revised to state background was calculated using twice mean.
(Page 5.11)

Comment:

7.

Table 6.2 includes screening levels for constituents detected in soil and groundwater. Soil
screening levels for Aroclor-1254 and Aroclor-1260 were calculated. The calculations of
these Soils Screening Levels should be submitted for review. Additionally, some of the
footnotes to table 6.2 make reference to Zone 1 and the acronym NAS has not been
defined. These should be corrected.

Response:

7.

The formula and chemical specific inputs for calculating SSLs are provided either
within Table 6.2 or the footnotes with the exception of MCLs (for compounds which
have promulgated MCLs) to be used as target soil leachate concentrations. The only
part of the calculation possibly not readily apparent are the application of a DAF =20
and a HQ = 0.1 even though they are pointed out in the footnotes. The acronym NAS
will be deleted and replaced with NAVBASE. (Page 6.4)

Comment:

8.

Section 7.3.9.2 “Comparison of Site-Related Data to Background Concentrations”, states
that the statistical approach proposed in May 1995 for Zone H, was also approved for
Zone C. Recent discussions by the Department questioned the use of this statistical
approach to calculate reference concentrations (UTLs). This discussions concluded with
the decision of very closely scrutinize grid-based analytical data, before it can be used to
calculate UTLs, and even after these values are calculated, they still need to be approved
on a zone-by-zone basis. This section should be modified to reflect the current approach
taken, to determine “background reference concentrations” (UTLs).

Response:

8.

The reference to the May 1995 memo has been deleted and a reference to the Zone C
specific approach described in Section S inserted. (Page 7.12)
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Comment:

9. The formula for calculating the UCL, in Section 7.3.6.4, a portion is depicted in one page
an the rest in another. This minor problem should be corrected.

Response:
9. The editorial error will be corrected. (Page 7.17)

Comment:

10.  Section 7.4 “Site-Specific Human Health Risk Assessments”, describes the organization of
the RFI risk assessment for each AOC or SWMU. At the end of this section on page 7-50,
AOC 522 “Former Grease and Wash Building” and AOC 700 “Golf Course Maintenance
Shop” are described as recently identified and added to the Work plan. The status of the
investigations at these two site has changed from the time the Zone C RFI Report was
submitted. The information related to AOC 522 and AOC 700 should be included (where
applicable) and the results of the investigations submitted for review.

Response:
10.  Site specific information related to the investigation of AOCs 522 and 700 has been
included as Sections 10.8 and 10.9 of the revised report.

Comment:

11.  Need clarification on the section of ECPC’s in section 8.4 “Contaminant Fate and
Transport”. According to the text, “inorganic parameters in site surface soil exceeding
twice the maximum concentration detected in reference sample concentrations, are
identified as ECPC”. For each sub-zone, the detected inorganic parameters are compared
to the Upper Tolerance Limit (UTL) of background. These UTL values used for
comparison are not the same as the UTL values determined in Section 5.0, table 5.4. It
needs to be clarified how the UTL values for screening of inorganic parameters in the
Ecological Risk Assessment were calculated. What samples were used for this
determination, etc.? These comment applies through all Section 8.0 of the report.

Response:

11.  The background values used in the ERA have been corrected. (Pages 5.3, 8.13, and
8.18)

Comment:
12.  Section 10.1.2 repeats the paragraph of SVOCs in soil. One of them should be eliminated.
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Response:

12.  The first paragraph referring to SVOCs will be deleted to eliminate the duplication
and so that the organization of the compound specific discussions remains consistent
with the remainder of the document. (Page 10.1.8)

SWMU 44

Comment:

13.  Figures 10.1.3 and 10.1.4 show the locations of 21 sediment and surface water samples.
The sampling proposed in the Work plan was for 14 samples on each media. These
locations cannot be differentiated to reach some kind of conclusion. These tables need to
be updated.

Response:

13.  The figures actually show 13 sediment and 14 surface water sample locations. One
sediment sample was not collected as proposed. Section 10.1.10.3, Exposure
Assessment provides both a figure (Figure 10.1.5) and text (pages 10-47 and 10-48)
which specifically present/discuss the results of soil and sediment sample results.

Comment:

14.  Section 10.1.5 “Sediment Sampling and Analysis” states that 14 samples were proposed in
the Work plan and 13 were collected with the exception of 044M0022. Figure 10.1.3
shows 21 sampling locations, table 10.1.9 shows that the frequency of detection is
compared to only 9 samples collected. Appendix D shows the analytical results of only
9 sediment samples. This is confusing and needs clarification.

Response:

14.  The figure is correct and shows 13 locations which are labeled as 044M0009 through
044M0021. The reason that the frequency of detection is compared to 9 samples is
4 of the samples were only analyzed for total organic carbon and grain size. This will
be clarified in Section 10.1.5 of the revised report. (Page 10.1.14)

Comment:

15.  SWMU 44 soil sampling event detected many inorganics in soil in concentrations above
the RBCs. A review of the Draft report and the “hits table” provided to this Department,
it can be seen that additional sampling points have been located at SWMU 44, i.e.
044SB025 and 044SB026, which also detected inorganics at levels above the Region III
RBCs. Toluene and Methylene Chloride were detected at the only sample location that
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was specifically analyzed for those parameters. It is not known if these chemicals are
present throughout the area of SWMU 44 or it was an isolated hit. From all the subsurface
samples proposed, only 1 was collected and analyzed. From this analysis, several analytes
exceeded soil screening levels for the protection of groundwater. Therefore, it could be
misleading to generalize detections or non-detections in the lower soil level throughout the
area of SWMU 44. Detections below SSLs may not be protective of groundwater for the
area of SWMU 44. Additional information should be provided to reach a reasonable
conclusion. Only 1 shallow groundwater well (#6) was analyzed for Appendix 9
parameters. Several detections occurred, and attention needs to be called to well #1, where
beryllium, lead and nickel detections exceeded their respective MCLs. Again, only one
well (#6) was analyzed for other parameters besides metals. Generalization about findings
related to VOCs, SVOCs, and pesticides/PCBs will not be conclusive to render a certain
media “clean” for those chemicals. Additional sampling and analyses is required in shallow
groundwater at SWMU 44, for parameters other than inorganics. SWMU 44 text should
be revised throughout, and if possible include the results of the interim measures performed
at the site which will help to determine the current conditions at the site. The final version
of this report should include all rounds of sampling for wells at SWMU 44.

Response:

15.

Per the July 1997 project team meeting, 9 soil samples were collected from the existing
ground surface to provide confirmation of the effectiveness of the interim measure.
The samples will be analyzed for metals and semi-volatile organics. In addition, the
existing monitoring wells were sampled for metals and semi-volatile organics. Because
of the geographic location of monitoring well NBCC-044-008 with respect to AOC 700,
the groundwater sample collected from that were also analyzed for pesticides as part
of the resolution to comment #70. (Page 10.1.110)

Comment:

16.

Section 10.1.9.1 “Soil-to-Groundwater Cross-Media Transport”. SWMU 44 was a coal
storage area that could have produced a change in the soil pH due to the production of
sulfuric acid by rainwater infiltration through the coal. As stated in section 6, Fate and
Transport, inorganics have low mobility in normal environments, however in low pH
conditions, inorganics can become more mobile. From Appendix D, it was observed that
Cation Exchange Capacity, analyzed only at 044SB006 surface soil, shows a comparatively
higher value than results for other AOCs or SWMUs in Zone C. pH is one of the factors
that affect Cation Exchange Capacity. It is not impossible that soil and possibly
groundwater have been affected for the mobility of inorganics due to low pH. The relation
of these parameters to soil/groundwater contamination at SWMU 44 should be discussed.
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Response:

16.  This section will be revised to provide more discussion of pH as the parameters relate
to fate and transport at SWMU 44. It should be noted that these conditions no longer
exist since the site has been altered by an interim measure. (Page 10.1.24)

Comment:

17.  Tables 10.1.20, 10.1.21, and 10.1.22 do not have footnotes explaining all the keys used
in the tables. Additionally, COPCs for groundwater were identified only based on the first
round of sampling. All rounds of sampling should be included in the final report.

Response:

17.  Footnotes will be added as necessary to explain the various keys used in the tables.
The groundwater data presented was the only data available at the time the report was
prepared due to the time constraints imposed by the “Facility Submission Schedule”
included as Appendix C of the Part B permit and as reflected in the Corrective Action
Management Plan required and approved by the Department. A “hits” summary of
all four quarters of the data has been included as Appendix H to the report so the
reviewer can evaluate trends in the data and the project team can reach conclusions
regrading the need for further corrective action. The Navy has proposed that in
circumstances where additional data are collected after the report submittal, that the
impact that this data has on the recommendations section be evaluated and changed
in the conclusions section only. The data will be provided in the form of an appendix
in an addendum and referenced in the conclusions narrative. The Navy feels that it
is unreasonable to require complete rewrite of the document on the basis of the
additional data alone. If this is not acceptable, then the RFI report submittal dates
should be after all quarterly groundwater sampling is complete and this submittal date
should be reflected in the CAMP.

Comment:

18.  From the hit tables for Zone C soil sampling, it was observed that Vanadium needs to be
added to the list of COPCs in surface soil. It was detected in 044SB025 at a concentration
of 68.2 mg/kg, which is higher than its respective RBC value.

Response:

18.  Tables 10.1.13 and 10.1.20 have been updated to include data from sample locations
044SB025 and 044SB026. Vanadium has not specifically been added to the human
health risk assessment since the site is already recommended for CMS and it would
not be a primary driver at the concentrations observed.
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Comment:

19.

Figure 10.1.5 needs to include soil borings 044SB025 and 044SB026.

Response:

19.

Figure 10.1.5 has been revised to include soil borings 25 and 26. (Page 10.1.50)

Comment:

20.

The Department does not agree with the statement in page 10-89 about lead toxicity. This
conclusion is premature, and results of additional rounds of sampling are needed to reach
a reasonable conclusion. There is one exceedance on the action level of 15 ug/l, and
further evaluation is warranted. The four rounds of sampling will provide additional data
before reaching a conclusion.

The nature and extent of Chemicals of Concern (COCs) in the shallow groundwater at
SWMU 44, needs to be re-evaluated by considering subsequent rounds of sampling. The
fact that arsenic was not detected in background monitoring wells could be due to the use
of only two background monitoring wells.

Comparison of maximum detections to other zones background reference concentrations
is not acceptable at this time due to the fact that background numbers are in the process of
revision for most of the zones at NAVBASE, including Zone C.

The statement made on page 10-90 about the BEHP detections related to common
laboratory contaminants should be confirmed and evaluated by subsequent rounds of
sampling.

Response:

20.

Even though SCDHEC may believe the conclusions regarding lead are premature, the
recommendation to include the site in the CMS based on the presence of other
organics is still valid so from a “big picture” perspective, the outcome for the site is
unchanged. The hit of 19.8 ppb was detected in well NBCC-044-001. A review of the
subsequent quarters of groundwater data for this well revealed results of 2.4 ppb,
5.7 ppb, and non-detect. Lead was not detected in any other wells above 1.7 ppb in
subsequent rounds so the conclusion is still valid. The inclusion of subsequent rounds
of sampling was discussed above in response to comment #17. The Navy agrees with
SCDHECSs concern related to BEHP which was the basis for the statement on page
10-90 in the report that subsequent data be evaluated to confirm or refute it’s
presence.
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Comment:

21.

It is agreed with the recommendation of considering future groundwater quarterly sampling
to confirm the presence of contaminants identified as COPCs in groundwater. This
recommendation was directed to 2,3,7,8-TCDD equivalents, but it should be applied to
all the COPCs in groundwater, as stated above.

Response:

21.

The Navy agrees that additional rounds of groundwater sampling will be necessary,
most likely as part of the CMS.

Comment:

22.

Section 10.1.10.6 “Risk Uncertainty” discusses the uncertainty related to the frequency of
detection and spatial distribution. The argument is made that since SWMU 44 was almost
all fill material, deposited in the past for land reclamation, it would be fair to expect that
soils at SWMU 44 will be the same as those of other similar zones ( H and I), where the
same situation happened in the past. Based on this argument, contaminant detections are
compared to calculated background values for the dredge-spoil formed zones. This
argument is only partially acceptable. It is true that dredge spoils deposited in the area of
SWMU 44 could be the same as those for Zones H and I, but comparing to reference
concentrations for those zones seems inadequate, not knowing the origin of the dredge
spoils that cover these areas. They could come from different sources that present different
levels and types of contaminants. Additionally, according to maps provided to this
Department, only about 1/4 of the area of Zone C was covered with dredge spoils, the
rest of the area should resemble original soil conditions at Zone C. Reference values
calculated for a “all dredge spoil” zone, will normally yield higher values for inorganics,
that are being used to calculate reference concentrations. Zone C is expected to yield
lower values than for Zones H or I. Therefore, soils and sediments results compared to
reference concentrations of Zones H and I is not a good reference for comparison.

Response:

22,

The SWMU 44 results were screened against Zone C background values, not Zone H
and/or I values, to identify COPCs so the reason for the SCDHECs concern over the
point made in the section is not really clear. The Navy agrees that the origin of the
dredge spoils for the area of SWMU 44 may or may not be the same as those in
Zones H and I. Even so, the probability is likely greater that the spoil material at
SWMU 44 is more similar in composition to the Zones H and I spoils than to native
soil found in other parts of Zone C. The comment correctly points out that as a
whole, Zone C is expected to yield lower values than an all dredge spoil area, hence
the reason to point out the uncertainty. Even if no mention were made to Zones H
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and I there would still be uncertainty inherently built into the comparison of the two

areas within Zone C. Therefore, the Navy feels this discussion is beneficial to the risk
managers.

Comment:

23.

On page 10-97, it is not clear if the third paragraph explains the Central Tendency Analysis
for SWMU 44. This paragraph concludes by mentioning AOCs and SWMUs combined
in SWMU 14. This should be clarified. The first paragraph of this page already talks
about Central Tendency in soils and sediments for SWMU 44

Response:

23.

The reference to AOCs and SWMUs combined in SWMU 14 will be deleted and the
accuracy of the paragraph verified. (Page 10.1.101)

Comment:

24.

Section 10.1.11 “Corrective Measures Considerations at SWMU 44" does not express a
clear recommendation by media and contaminant. SWMU 44 should be recommended
either for a CMS, NFA, or future evaluation. It is imperative to look at subsequent rounds
of groundwater sampling and to consider the present conditions at SWMU 44 before
reaching a final decision. Groundwater, especially presents an unacceptable risk to human
health in both, residential and worker scenario. For soil and sediments areas 1, 2, and
3 present a risk on the high end of what is acceptable for the residential scenario. Further
evaluation and the completion of additional information is required for SWMU 44,

Response:

24.

A CMS recommendation has been added. (Page 10.1.116)

SWMU 47/A0C 516
Comment:

25.

Table 10.2.1 indicates that 17 soil samples were proposed for the lower soil interval,
however only 13 samples were collected and the deviations column does not explain the
reason. This should be corrected by adding the appropriate explanation for the deviations.

Response:

25.

The explanation will be added to the revised table. (Page 10.2.3)
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Comment:

26.  From table 10.2.3 and 10.2.4 that displays the analytical results for SWMU 47 and
AOC 516, for organics and inorganics respectively, it was found that the screening of
detections for the lower soil interval, only RBCs were used. When no UTLs can be
determined, the detections on the lower soil intervals should be screened against generic
soil screening levels, when available. This is the approach currently used at NAVBASE.
This table should be modified accordingly.

Responsé:

26. The Navy agrees with this comment and will revise the table accordingly.
(Page 10.2.4)

Comment:

27.  On page 10-11, Section “SVOCs in Soil” states that the three highest BEQs hits were
located at 047SB00S (upper), 047SB016 (upper) and 047SB007 (lower). The first two
detections were consistently higher than the rest of the samples for all PAHs in the upper
and lower soil intervals. However, the Department was unable to verify the analytical
results of location 047SB007. This analytical data is not present on Appendix D, nor in
the new tables provided to the Department. This data should be provided for review.

Response:
27.  The data for 047SB007 has been included in the revised report. (Appendix H)

Comment:

28.  Section 10.2.5.1 “Soil to Groundwater Cross-Media Transport”, concludes that
concentrations of organics and inorganics detected in soil were above groundwater
protective soil screening levels, and that they are considered protective enough of the
shallow groundwater aquifer, due to non detections for this constituents in groundwater.
These conclusions are premature and although it could be possible, it is reasonable to
review additional rounds of groundwater sampling to make a final decision on the impact
that soils are producing to groundwater. The final report should include all the results of
the four rounds of sampling.

Response:

28. This comment will be addressed by the actions described above in response to
comment #17.
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Comment:

29.

Page 10.52, “Lead Toxicity” Section, states that even though detections at 047SB00701
were 1,120 mg/kg in surface soil and 1,190 mg/kg in the subsurface soil layer, a “mean”
lead concentration of 112 mg/kg was used to calculate health effects for a child. It is not
understood how a mean level is used to assess lead health risks while a UCL approach is
used for other chemicals of potential concern. The use of this approach should be
explained. Since lead concentration at 047SB00701 is above the residential threshold of
400 mg/Kg, the extent of contamination in both, surface and sub-surface soils should be
determined.

The Lead Uptake Biokinetic Model used to predict blood lead levels in children considers
impacted environmental media such as soil and groundwater. Impacted subsurface at
higher levels than the surface could affect the future reuse of the site. The model predicts
a child’s exposure to lead within a defined area of contamination. Averaging detected
concentrations over the total area of SWMU 47 and AOC 516 would not predict the
exposure to the area where levels are of concern (above 400 mg/kg). The extent of lead
contamination around 047SB00701 first should be defined, before using the prediction
model. Furthermore, the lead levels found at 047SB00701 indicate that groundwater may
be affected. The analytical data suggests a possible contamination, therefore further
evaluation of this area is recommended to evaluate lead’s presence in all media. This
section should be revised and conclusions rewritten.

Response:

29.

Per the July 1997 project team meeting discussions, additional sampling for lead
around 047SB007 is not required at this time; however, the lead concentrations used
in the lead uptake model will be replaced with the values from the much smaller area
which includes the borings 516SB001, 515SB002, and 047SB007 since this is the where
the battery charging operation was located. Lead in groundwater does present a
concern at other portions of the site and will be addressed in the presentation of all 4
quarters of groundwater data. Revisions to the model predictions will not change the
original recommendation that the site be included in the CMS. (Page 10.2.54)

Comment:

30.

Page 10.62, which describes in the text the COCs identified in groundwater at
SWMU 47/A0C 516, recommends to wait for subsequent rounds of sampling to evaluate
if the detections for lead, antimony, and 3-3'-Dimethylbenzidine were real. There are
doubts about entrained sediments in the first round results. It is agreed with this
recommendation, however should the detections be confirmed, additional work should be
done at this site to determine the extent of groundwater contamination.
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Response:

30.  All 4 quarters of groundwater data were presented to the team as part of the Zone C
comment resolution discussion at the July 1997 project team meeting. Levels of the
constituents identified above either diminished or were non-detect in subsequent
rounds but lead still remains a potential concern. There are currently 14 wells at this
site, a number of which are downgradient of the areas of concern. No additional wells
were proposed for this site during the meeting since it was apparent from the data the
current groundwater data is adequate to characterize the site.

Comment:

31.  Page 10.64, “Frequency of Detection and Spatial Distribution”
The writing of this section should be revised and modified according to the background
reference concentrations approved on May 12, 1997.

Response:
31. The only change necessitated by this comment was the deletion of a reference to
arsenic in the statement about UCLs being below background. (Page 10.2.65)

Comment:

32.  The third paragraph of page 10.64 is confusing on making reference to lead and antimony
detections in groundwater, in association with AOC 516. This paragraph should be
revised.

Response:

32. The intent of the paragraph was to imply that AOC 516, due to it’s operational
history, would be the suspected source of the lead in the area. Contrary to this
suspicion, the closest downgradient well to this site, NBCC-047-007 which was
erroneously referred to as NBCC-047-001 in the text, did not contain significant levels
of lead such as those found in well NBCC-047-001. The paragraph will be revised for
clarity. (Page 10.2.65)

13



Response to Comments

South Carolina Department of Health and Environmental Control
For Draft Zone C RFI Report

Charleston Naval Base

Dated January 1996

AOC 508/511
Comment:

33.  Table 10.3.3 “Organic Compound Analytical Results for Soil” should be corrected for the
following:

- There were no exceedances of Benzo(k)fluoranthene in the upper soil sampling
interval. Table 10.3.3 states the opposite.

- There is no footnote at the end of the table to explain the meaning of the
superscripts used, especially those on the RBCs column.

- The analytical results for Chlordane were not included in the table. It was detected
at location 508SB008 at a concentration higher than the RBCs.

- Dieldrin also had a lower soil interval detection on sample 511SB002.

- The section that depicts the results of analyses for TPHs, does not show the same
results as found in the analytical data (Appendix D), nor the units are appropriate.

Response:
33. Table 10.3.3 will be revised as noted.

Comment: :
34. For tables 10.3.3 and 10.3.4, the reference concentrations should be updated and
exceedances recounted.

Response:
34.  The tables will be revised to reflect the updated reference concentration and screening
results against these concentrations.

Comment:

35. Page 10.8, when explaining the SVOCs detections at AOCs 508/511, should clarify the
number of samples collected in the lower soil interval. The detections are totalized for the
area of these two AOCs, but the shallow water table, in several cases, interfered with the
collection of samples in the lower interval. Detections cannot be generalized for an area
if samples have not been collected and analyzed for the proposed parameters. In this case,
at AOC 508 only one lower soil sample was collected, while at AOC 511 five lower soil
samples were collected. The generalization that SVOCs were detected only in upper
interval samples could apply to AOC 511, but not to AOC 508. This gives the reader the
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wrong picture, which cannot be clarified without doing a thorough review of the analytical

data. This comment should be clarified an should apply for all other sites were
generalizations of this nature are made.

Response:

35.  The generalized statement that SVOCs were only detected in upper level samples has
been deleted. The available data was screened as suggested by SCDHEC comment #52
to assess the relative significance of the surface concentrations with respect to
groundwater screening. (Page 10.3.8)

Comment:
36.  Page 10.9 makes the statement that TPH concentrations exceeded the 100 mg/kg reference

in every sample analyzed. This statement is not accurate and should be revised. Please
revise the analytical data.

Response:
36. The statement on page 10.3.9 has been revised to accurately reflect the results.

Comment:

37.  Section 10.3.3.1 “Soil-to-Groundwater Cross-Media Transport”.
This section mentions that contaminant detections in soil and subsurface were compared
to SSLs and background reference concentrations. Twelve constituents detected at
AOC 508 and AOC 511 exceeded SSLs. Six subsurface samples were proposed to collect
at AOC 508, however only 1 sample (508SB004) was collected and analyzed due to the
shallow groundwater present at the site. To have an appropriate characterization of
AOC 508, it is necessary to have additional samples collected, either soil or groundwater.
Groundwater samples will clarify if the groundwater has been impacted by any of the
constituents detected in the surface soil.

Response:

37.  Per the July 1997 project team meeting, a consensus agreement was reached that
2 temporary wells will be installed at these sites. The wells were installed and the
results are included in section 10.3.3.
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Comment:

38. Tables 10.1.13, 10.2.8, and 10.3.5 should be revised to include updated values for UTLs,
where applicable. Include also detailed footnotes as done on table 6.2. This comment on
UTLs update and tables footnotes applies to all tables similar to the above mentioned ones.

Response:
38.  The tables will be revised to reflect the current UTLs and appropriate footnotes.
(Table 10.3.6, page 10.3.12; Table 10.1.13, page 10.1.22; Table 10.2.8, page 10.1.19)

Comment:

39.  Mercury needs to included as a potential contaminant migration from soil to groundwater.
It was detected at location 511SB006 lower soil at a concentration of 11.2 mg/kg, which
is above the subsurface UTL = 0.30 mg/kg or the SSL = 3.0 mg/kg. Mercury was
analyzed in only 3 of the 10 sampling points at AOC 511. Mercury should also be added
to the list of COPCs in section 10.3.4.2 and table 10.3.9. In addition, the TPHs
exceedances of 100 mg/kg should be revised. Some hits below 100 mg/kg were mistaken
by hits above 100 mg/kg due to the units used. These should be revised.

Response:

39. Table 10.3.9 is now 10.3.10 and identifies COPCs in surface soil, not subsurface soil.
The maximum concentration of mercury was 11.2 mg/kg. The next highest
concentration in either surface or subsurface soil was 0.40 mg/kg. Considering the
potential source area was less than 1000 fé, the potential for soil to groundwater
migration of mercury is very minimal and no threat is anticipated. (Page 10.3.14)
The TPH concentration units have been corrected in Appendix H.

Comment:
40.  The groundwater paragraph of section 10.3.4.2 should be corrected to make reference to
AOCs 508 and 511. The same correction needs to be made at tables 10.3.8 and 10.3.9.

Response:

40. The corrections were made as noted. (Pages 10.3.14, 10.3.17, and 10.3.18)

Comment:
41.  On page 10-37 “Lead Toxicity”, it is true that the mean of all lead detection falls below the
identified protective level of 400 mg/kg, however there are still small areas impacted by
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lead levels above 400 mg/kg. This needs to be addressed as a health concern. The Navy
should propose further measures to address this contamination.

Response:

41.  The potential for exposure was calculated separately for both AOC 508 and 511 which
are each smaller than the standard Y2 acre exposure area. As stated, chronic exposure
is not expected to pose a health threat to hypothetical child residents. To state the
Navy should take an over conservative approach and address lead at these levels is
inconsistent with approaches taken at other NAVBASE sites. (Page 10.3.39)

Comment:

42.  Section 10.3.4.6 “Risk Uncertainty”, should also explain any reason why the risk might
be underestimated. For AOC 508 and 511 grouped together, there is uncertainty at
AOC 508 about the presence of contaminants in the subsurface unit and how they could
be affecting groundwater. Additionally, groundwater was not sampled, therefore, it is not
known what conditions the groundwater is in.

Response:
42. Monitoring wells were installed to address this concern and the data generated is
presented in Section 10.3.3.

AOC 515/519

Comment:

43.  Page 10-10, first paragraph, states that three organophosphorus pesticide compounds
(disulfoton, methyl parathion, and parathion) were detected at concentrations below their
RBCs in the upper interval soil samples collected for AOC 519. The detection of these
compounds was actually at the lower soil level at AOC 515. These statements should be
corrected and it should be explained why only the lower level was analyzed for
organophosphorus pesticides, not the upper level.

Response:

43. The discrepancy in sample locations will be corrected. The organophosphorous
pesticides were only analyzed for when duplicate samples were collected which is the
reason the analyses appear inconsistent. (Page 10.4.10)
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Comment:

44.

According to the history of AOC 515, it was operated as a paint shop in the 1930s.
Potential contaminants identified at this AOC were paints, solvents and petroleum
hydrocarbons, among others. Groundwater has not been sampled at AOC 515/519. The
focus of the investigations at these two sites was to do a Confirmatory Sampling
Investigation, therefore, groundwater should also be sampled and analyzed to verify that
no contamination is present at the site. The Navy should propose such strategy.

Response:

4.

The concept of confirmatory sampling and the manner in which many sites were
identified as SWMUs or AOCs simply on the basis of the shop names was discussed
at length at the July 1997 project team meeting. The team agreed by consensus that
the objectives of the investigation at this site were met and no further investigation is
required.

Comment:

45.

On table 10.4.8 which identifies the COPCs for AOC 515 and AOC 519. Disulfoton is
identified as a COPC with a concentration of 1000 ug/kg in soil. This pesticide compound
was identified in tables 10.4.3 and 10.4.5 with only one detection of 1.6 mg/kg. The
analytical data tables (Appendix D) shows that sample number 519-C-B001-01 MSD had
this value for disulfoton. It should be explained why this value of 1000 mg/kg was used
to determine Disulfoton as a COPC. Was the same done on the other organophosphorus
pesticides from the sample number mentioned above?

Response:

45.

The list of COPCs will be revised to eliminate those compounds introduced to samples
in the laboratory as surrogate recovery spikes and subsequently identified in error as
site constituents.

Comment:

46.

According to the human health risk assessment performed at AOC 515 and 519, no COC
were identified because the individual risks fell below 1 x 10° and the individual hazard
quotient was less than 0.1 for every COPC. It was previously suggested that no defined
reuse has been established for these areas, therefore, according to the risk calculations, the
contaminants present at the site seem to be protective of the residential exposure scenario.
Lead was detected at one sampling point, at AOC 515, at levels marginally above
400 ppm, which is protective of the residential scenario. Assuming that current conditions
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at these areas are maintained (paved parking lot), and that the groundwater presents no
contamination, AOC 515 and 519 would not require additional investigation.

Response:
46. SCDHEC’s concurrence with the assessment of these sites is noted.

AOC 523

Comment:

47.  Section 10.5.4 “Nature and Extent of Contamination” reports THP (GRO) detection of
12.12 mg/1 in monitoring well 523MWO002, however, in the section “Other Organics in
Groundwater” it is stated that no TPH was detected in groundwater samples from
AQOC 523. This discrepancy should be clarified.

Response:
47.  The discrepancy has been clarified. (Page 10.5.12)

Comment:

48.  According to the criteria for selection of COCs, “a chemical contributing to a cumulative
risk level of 1E® or whose HQ exceeds 0.1" will be identified as a COC. Page 10-36 does
not follow this criteria by not identifying Chromium in surface soil as a chemical of
concern, contributing with a HQ = 0.15 on the incidental soil ingestion pathway for the
potential future child resident. This should be explained. In addition, arsenic has been
unnecessarily identified as a COPC for the general risk assessment of groundwater. It was
detected at the range of 15.8 to 26.6 mg/l which is higher than the background reference
value of 6.07 mg/l but lower than the MCL value. The screening process of these
contaminants for groundwater should be redefined throughout the report. Tap water RBCs
should be used for screening when no MCLs or background reference concentrations are
available.

Response:

48. An explanation for the elimination of chromium has been added to the COC
identification section. (Page 10.5.38) The screening process of identifying COPCs as
described in the Comprehensive RFI Work Plan uses tap water RBCs and background
concentrations. The use of MCLs in the screening process has not been clearly defined
previously by the Department, except in the cases where background or the tap water
RBC has exceeded an MCL. The Navy agrees with the use of MCLs as a value to use
in the screening process but rather than redefine the process for identifying COPCs
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this late in the RFI, the navy suggests that MCLs be considered during the risk
management decision making process.

Comment:

49.  Section 10.5.7 “CMS Considerations”, states that four quarters of groundwater sampling
will verify the presence of contamination in the shallow groundwater. The Department
agrees with this approach and hopes to see the results of the four rounds of groundwater
sampling in the final version of the Zone C RFI Report. Additionally, the Navy has to be
reminded that the potential concerns at AOC 523 were gasoline and petroleum products,
therefore, due to the detections of TPHs in both soil intervals and groundwater, these
parameters should have been analyzed for in the three remaining rounds of groundwater
sampling. Although TPH is not considered in the HHRA, it is still of concern, until
analytical data shows the contrary.

Response:

49.  All 4 quarters of groundwater were presented to the team at the July 1997 project
team meeting and is presented again in Appendix H. The team agreed by consensus
that no further investigation is warranted at this site.

AOC 510

Comment:

50.  Table 10.6.1.3 shows the organic compounds analytical results, for soil in AOC 510. One
of the VOCs present on the table is Methylene Chloride. After a review of the analytical
data, it was found that Methylene Chloride was detected and qualified UJ or U in all the
sampling points. Please explain why this compound was considered a detection. The text
stating this should also be modified.

Response:

50. The error was made because the text was written prior to completion of data
validation. The “UJ” values reflect detections that were eliminated due to
contamination found in blanks associated with the samples. This section will be
revised. (Page 10.6.1.8)

AOC 512

Comment:

51.  Section 10.6.2.3.1 “Soil-to-Groundwater Cross-Media Transport”, evaluates the potential
for contamination of groundwater due to the presence of contaminants in the soil,
specifically subsurface soil. The cross-media transport is usually evaluated by comparing
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subsurface soil detections to the greater of SSLs or background reference concentrations.
However, because of the shallow water table, subsurface soil samples were analyzed only
at one location (512SB002). This section concludes the detection in the subsurface soil are
below SSLs or background, therefore the shallow aquifer is protected. This conclusion is
premature and based only on the analysis of one sample from six proposed. This
conclusion should be revised and an explanation added to this section dealing with the
sampling collection/analysis stated above. This should be added to all AOCs/SWMUs
investigated in this zone, especially where groundwater was not analyzed to confirm or
refute the conclusion that the shallow aquifer is protected.

Response:

1.

As evidenced in table 10.6.2.5, surface soil results were compare to SSLs where the
shallow groundwater table prevented the collection of subsurface samples. SCDHEC
agreed with this approach in comment #52. Even so, at the July 1997 project team
meeting, a consensus agreement was reached to install 2 temporary wells at this site.
The results are presented in Section 10.6.2.3.

Comment:

52.

AOC 512 was proposed to be sampled in surface soil and subsurface soil. Due to the
shallow groundwater (less than 5 ft), only one of six samples were collected and analyzed.
Since the lower soil interval was not adequately addressed, it is asked from the Navy that
the screening of contaminants be done following the suggested approach:

- Screen surface soil detections against RBCs/UTLs (whichever is higher) identify
COPC:s for surface soil.

- In cases where subsurface soil was not adequately sampled due to shallow
groundwater, screen surface soil detections against SSLs for protection of
groundwater. This way will ensure that we don’t live out any contaminant that
potentially could affect groundwater and overcome the sampling problem.

- Another approach could be to take some groundwater samples to ensure that
nothing has reached the groundwater.

Response:

52.

As stated in response to comment #51, the Navy has done both. None of the pesticide
compounds identified as a potential concern were detected in groundwater.
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Comment:

53.  The Risk Uncertainties section should also discuss the inability of collecting soil samples
below one foot, and how this could affect risk calculations, specially if we don’t have
groundwater samples to verify that contaminants are not present in groundwater.

Response:
53. This comment is no longer applicable since groundwater samples were collected.

Comment:

54.  Section 10.6.2.5 makes corrective measures recommendations according to the risk
calculated at AOC 512. It should be added that Beryllium was also a COC for surface soil.
Uncertainty related with presence of contaminants in the lower soil level needs to be
evaluated as suggested in previous comments. The approach may identify new
contaminants of concern that would need to be included in the risk assessment calculations,
specially if they are affecting groundwater.

Response:
54. Beryllium has been addressed in Section 10.6.2.7 and as stated in response to
comment #52.

AOC 513

Comment:

55.  The Department agrees with the recommendation of No Further Action at AOC 513, the
Former Morgue, due to lack of contaminant of potential concern identified at this site. No
CMS is necessary at this site and can be reused as planned.

Response:
56. SCDHEC'’s concurrence with the assessment of this site is noted.

AOC 517

Comment:

57. No releases were identified at any media, therefore no CMS would be required based on
the available information. The Navy however, should address the lead present inside the
building (walls, floor), which according to the planned reuse, could be a health concern
issue. This matter is outside the scope of the RCRA corrective action requirements.
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Response:
56. SCDHEC’s recommendation and concurrence with the assessment of this site is noted.

AOC 518

Comments:

57.  Page 10-9, section “Pesticides and PCBs in Soil” states that all pesticides detected at
AOC 518 were below their respective RBCs. This statement is mistaken. Chlordane was
detected at 518SB001 at a concentration of 7,400 mg/kg which is well above its RBC of
410 mg/kg for soil ingestion. Additionally, extra soil samples were taken to determine the
extent of Chlordane contamination around 518SB001. This statement should be corrected.

Response:
57.  The text has been revised to correct the discrepancy. (Page 10.6.5.9)

Comment:

58.  Chromium was detected at 518SB010-01 at a concentration of 39.1 mg/kg, which exceeds
the residential RBC of 39 mg/kg. Chromium should have been included in the list of
COPCs because it also exceeds the background reference concentration of 26.4 mg/kg.
This should be corrected.

Response:

58. Chromium was excluded as a COPC because it was not detected on site in the
hexavalent state. Therefore, the appropriate screening concentration is 7,800 mg/kg.
(Page 10.6.5.18)

Comment:

59.  Table 10.6.5.5 should be corrected to include the appropriate value for Chlordane highest
detection in subsurface soil of 1,800 ug/kg. According to the sampling strategy at
AOC 518, Chlordane was detected at 518SB001 upper and lower soil intervals. Two more
samples were taken to determine the extent of contamination. These two samples,
according to Figure 10.6.5.1 were located about 50 feet away from the high detection.
This sampling is not considered appropriate to delineate Chlordane contamination. They
are too far apart from the high detection. Pesticides have been found at the base on small
areas. This sampling should be revised or otherwise explained the rational used to locate
the extra sampling locations.
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Response:

59.  The sample locations were discussed at the July 1997 project team meeting where it
was agreed that while the spacing may be such that a precise, small area cannot be
defined, the sample locations do serve as a boundary for the site to demonstrate a
large scale problem does not exist. Consensus was reached that no further
investigation is required. The site is recommended for CMS and possibly an interim
measure so the overall outcome is not affected.

Comment:

60.  COCs identified at AOC 518 were Chlordane due to its individual risk greater than 1.0E-6
and HQ=0.6 greater than 0.1. Aluminum and copper should have also been identified as
COCs based on their HQ greater than 0.1 for the potential future resident child. This
section should be corrected.

Response:

60. Aluminum and copper have been considered in the cumulative HI for the site which
is only 0.6. Since the HI <1 it was determined that chronic exposures would not result
in unacceptable health risks. As a result, COC identification was limited to primary
contributors to cumulative risk/hazard. (Page 10.6.5.53)

Comment:

61.  The recommendation for corrective measures at AOC 518 should be revised in accordance
with the answers to be provided for comments on the Draft RFI report. To address the
comments, it may be necessary to see what is concluded after the changes. Further
assessment may be needed at AOC 518.

Response:
61. The CMS recommendations for Zone C have been revised per the October 1997
project team meeting. (Section 11.0)

AOC 520

Comment:

62.  Table 10.6.6.3 should be modified for lower soil detections of beta-BHC pesticide. There
were no detections for beta-BHC in the lower soil interval at AOC 520. Methylene
Chloride was also detected at the concentration of 37 mg/kg instead of 3.6 mg/kg. These
should be corrected accordingly, including the text on page 10-7.
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Response:
62.  The table has been modified to reflect methylene chloride was detected at 37 ug/kg.
(Page 10.6.6.3)

Comment:

63.  The Corrective Measures recommendations in Section 10.6.6.4.9 was for no further action
(NFA). Methylene Chloride and Cobalt were detected at levels above their respective soil
screening levels for protection of groundwater. However, the detections were limited to
one sampling point 520SB002 which could produce very limited impact to groundwater.
Chlordane, the most often present pesticide in soil, presents a risk below 1E-6 which is
protective of the residential scenario. Based on the available information, the Department
concurs with the recommendation of NFA for AOC 520.

Response:
63. SCDHEC’s concurrence with the assessment of this site is noted.

GRID SAMPLING

Comment:

64. Table 10.7.3 “Organic Compounds Analytical Result for Soils” does not list PCBs
detections. These should be included in the list, especially since they were detected above
acceptable concentrations (RBCs). This table should also be corrected for the pesticide
4,4-DDE that presented one exceedance, 1,900 ug/kg, above its RBC.

Response:
64. The table has been corrected as noted. (Page 10.7.6 and 10.7.7)

Comment:

65.  According to page 10-11, section “Pesticide/PCB Compounds in Soil”, all pesticides
detected in the lower interval were at concentrations below their respective RBCs. This
statement is incorrect. Chlordane was detected in the lower interval of sample
GDCSB039 at 2800 mg/kg, which is above the RBC=490 ug/kg. In addition, 4-4-DDE
was also detected at levels higher than its RBC in the upper interval, at locations
GDCSB001, GDCSB006, GDCSB008, and GDCSB009. Three of them were above the
RBC for Aroclor-1260 in the upper interval, and one of them much higher than the RBC
in the lower soil interval. These should be corrected accordingly.
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Response:
65. The text has been revised as noted in the revised report. (Page 10.7.12)

Comment:

66.  From the review of grid-based groundwater data, Methylene Chloride was detected in one
of two deep groundwater samples at levels of 12 ug/l, which is above its MCL =5 ug/l.
It was concluded, based on literature , that the presence of Methylene Chloride is due to
laboratory contamination. It should be demonstrated to the Department’s satisfaction that
this was the case. Otherwise, this detection could warrant further evaluation.

Response:

66.  As noted previously, a summary of all quarters of groundwater data is presented in
the final report. A review of the data has revealed that methylene chloride was not
detected in any of the deep grid wells during any of the remaining quarters.

Comment:

67.  Table 10.7.7 should be corrected according to the new approved reference concentrations
for Zone C. The text should also be modified, if the change of reference concentrations
warrants so.

Response:
67. Please refer to response to comment #4 above.

Comment:
68.  The following grid-based locations, have signs of contamination in soil and possible effects
to groundwater. These areas should be discussed further:

GDCSB001: High detections of PCBs and pesticides in soil. Four extra samples were taken to
define the extent of contamination, if any (GDCSB045-GDCSB048). Pesticides
were detected at lower concentrations which could have defined the area of
contamination. This area could not be verified due to the impossibility of locating
in the figures, locations GDCSB001, GDCSB045-GCDSB048. This draft report
does not provide a conclusion about the effort put on this site. This should be
addressed in the final report.

GDCSB008: PCBs and TPHs were both detected in upper and lower soil intervals. The lower
interval detections could have very well impacted groundwater, due to the its
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shallow nature. Again, this possibility should be discussed and a conclusion
reached in the final report.

GDCSBO039: This soil sample was taken as part of the effort to determine petroleum

contamination around building 400. This sample found Chlordane, Dieldrin, and
alpha-BHC in the lower soil interval, all above soil screening levels (SSLs). In
addition, Chlordane was detected at levels greater than its RBCs in the upper soil
level. There is the possibility of impact to groundwater and it should be discussed
and a conclusion reached in the final report.

Response:

68.

GDCSBO001- The figure and text will be revised. GDCSB008 - The text will be revised
to include a discussion of the potential for groundwater impacts. GDCSB039 - The
text will be revised as noted and will include a review of data from wells in SWMU 25
which are immediately downgradient of the site. (Pages 10.7.13 and 10.7.14)

Comment:

69.

Section 10.8 AOC 522 “The former grease and wash building”. This site was designated
for a CSI and only soil samples were proposed for this site. According to preliminary
investigation results, Methylene Chloride has been detected in four of five samples at
upper and lower soil intervals, with the concentrations at lower interval above soil
screening levels, it is asked from the Navy to collect several groundwater samples to verify
that it has not been impacted. These groundwater samples should be analyzed for volatile
compounds (VOCs) and metals.

Response:

69.

At the July 1997 project team meeting, data from the downgradient AOC 523 wells
was reviewed and a consensus agreement was reached that no further investigation is
required; however, at the October 1997 meeting the team reversed it’s decision and
agreed to collect two groundwater samples using DPT. This is the reason for the
additional sampling recommendation in Section 11.0.

Comment:

70.

Section 10.9 AOC 700 “Golf Course Maintenance Building” was designated for an RFI.
For this purpose, only soil samples were proposed to collect. The preliminary results of
the samples has the indication that VOCs were present at low concentrations. Also,
dieldrin detection at 700SB005 was at levels higher than SSLs. Metals like Arsenic, were
also detected at concentrations above SSLs and RBCs/UTLs . Chromium was detected at
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levels above RBCs/UTLs and SSLs/UTLs at four locations. Nickel detections in the lower

soil interval exceeded SSLs/UTLs. These detections warrant the collection of groundwater
samples and analyze for pesticides, VOCs, and metals.

Response:
70.  Per the July 1997 project team meeting, well NBCC-044-008, which is about 50 feet

downgradient of the site was sampled for pesticides, SVOCs, and metals The results
are discussed in Section 10.9.3.

Comment:

71.  Corrective Measures requirements were discussed for each area investigation at Zone C.
Table 11.1 “Zone C Site Conclusions” should be modified to reflect the considerations and
comments produced from the review of the draft Zone C RFI report. Some of the
conclusion would change after review and response to comments. This table should be
modified accordingly. Section 11.0 may change also, depending on the re-evaluation of
risk and selection of COPCs according to the new reference concentrations, therefore
sections 11-1 to 11-8 were not reviewed due to the fact that they are subject to change due
to previous comments.

Response:
71.  The Zone C site conclusions and preliminary recommendations have been revised per
the October 1997 project team meeting. (Section 11.0)

Comment:

72.  The ecological risk summary in section 11.9, indicates that only subzone C-1 was
evaluated for contaminants present in different media that could affect ecological receptors.
According to this, subzone C-1 does not present a risk to terrestrial wildlife. There is a
potential risk for vegetation due to copper and arsenic. Sediments in subzone C-1 has
potential of risk for aquatic receptors because of the presence of As, Cu, Pb, Hg, Ni. The
water quality at C-1 does not pose a risk. Subzones C-2 and C-3 were evaluated only for
the presence of contaminants in soil. Data gaps still need to be filled. There is a potential
risk to birds at subzone C-2 due to DDT. Terrestrial wildlife is not at risk at subzones C-2
or C-3. Vegetation is at risk at C-2 due to the presence of copper, lead, manganese and
zinc. Based on this summary, subzone C-1 needs further evaluation and subzones C-2 and
C-3 need to fill data gaps and possible further evaluation.
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Response:

72. The Navy agrees with this comment. This section is already being revised to address

the issues raised at the meeting in Atlanta, October 1996 at which many of the
ecological issues were resolved.
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GENERAL

Comment:

1. Comments on human health risk assessment are limited to Zone C specific concerns.
Comments on the general procedure for human health risk assessment which were made
in the Zone H RFI Report apply here also without restatement.

Response:
1. The human health risk assessments comments made for the Zone H RFI Report will
be reviewed and applicable changes made to the Zone C RFI Report.

Comment:

2. The format used for Sections 5.0 (Nature and Extent of Contamination) and 10.0
(Site-Specific Evaluations) makes the text difficult to follow. Except for a discussion of
data related to background comparisons, the actual nature and extent of contamination are
not presented until Section 10.0, after the presentation of the risk assessments. It would
be better to incorporate Section 10.0 in Section 5.0 for the Final Zone C RFI Report.

Response:

2. The format used is intended to consolidate all the site specific information in one
section to facilitate the review process. This format has been accepted by the project
team and will continue to be used unless the team decides otherwise.

Comment:

3 Based upon the data presented on Page 8-11, Table 8.2a, only one surface soil samples was
used to evaluate risk to terrestrial receptors in Sub-zone C-1. Use of only one sample
greatly increases the uncertainty associated with the risk characterization, since it is not
known how representative it is of site conditions. Also, since the sample contained
elevated levels of inorganics and was located at the northern part of SWMU 44, the
northern extent of the surface soil contamination has not been defined. It is recommended
that at least two additional surface soil samples be collected in Sub-zone C-1 and analyzed
for use in the terrestrial ecological risk assessment for this sub-zone.

Response:
3. Two additional surface soil samples were collected in the northern part of Subzone C-1
to define the northern extent of SWMU 44 contamination. The analytical results from
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these samples have been incorporated into Section 8.0 of the revised Zone C RFI
Report. The locations are identified as 044SB025 and 044SB026 on Figure 8.2.

Comment:

4.

The main purpose of sampling surface water and sediment at SWMU 44 (located in the
vicinity of sub-zone C-1) was to check for possible contaminant migration from the
SWMU 44 coal piles toward Noisette Creek. Pages 8-12 and 8-13, Tables 8.2b and 8.2c,
apparently present sediment and surface water data for the drainage ditches/runoff
pathways at SWMU 44. If these ditches contain aquatic habitats, risk can be determined
for ecological receptors in the ditches themselves. However, the ditches are important as
migration pathways to Noisette Creek and its aquatic receptors. This must be addressed
in the risk assessment.

Response:

4.

At the time of the sampling, aquatic habitats were not observed in the drainage
ditches. The ecological risk posed by SWMU 44 to downgradient aquatic receptors
has been preliminarily assessed through the evaluation of surface water and sediment
samples collected in both the onsite drainage ditches themselves and at the outfall to
Noisette Creek. A complete assessment of Noisette Creek will be conducted during the
Zone J RFI and summarized in that RFI Report.

Comment:

5.

Analytical data from the surface water and sediment samples collected in Noisette Creek
in conjunctions with SWMU 44 (Pages 10-16 and 10-17, Figures 10.1.3 and 10.1.4)
should be gualitatively compared to analytical data from the SWMU 44 surface soil and
the ditch surface water and sediment to evaluate contaminant migration from SWMU 44
into Noisette Creek. The Noisette Creek data must also be compared to the surface water
and sediment screening values to determine the potential for ecological risk. An further
evaluation of risk through site-specific ecological sampling or testing would be deferred
to the Zone J investigation.

Response:

5.

See response to comment 4. The SWMU 44 surface water and sediment samples in
Noisette Creek have been compared to upgradient SWMU 44 ditch samples. For a
preliminary ecological risk assessment, the concentrations detected in the Zone C
Noisette Creek samples will be compared to applicable screening values.
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Comment:

6.

Based upon Page 8-3, Figure 8.2, and the individual figures for the SWMUs and AOCs
in Section 10, there are no SWMUs or AOCs at Sub-zone C-3 (detention ponds). In
addition, it is not clear whether there are any SWMUs or AOCs with contaminant
migration pathways to the Sub-zone C-3 ponds. Data used to evaluate risk to Sub-zone
C-3 receptors apparently consists of grid-based surface soil data (Figure 8.2). According
to Page 54, Section 5.2.1, the purpose of the grid-based soil samples was to determine
background levels of inorganics, rather than soil contaminant concentrations related to
SWMUs or AOCs. Therefore, the determination of terrestrial risk based upon the grid-
based soil data is not appropriate and should be deleted from the risk assessment. If there
are contaminant migration pathways from SWMUs and AOCs to the C-3 detention ponds,
then surface water and sediment samples should be collected from the ponds, and the
analytical data should be used to determine risk to receptors inhabiting or using the ponds.

Response:

6.

During the basewide ecological survey which was conducted prior to any AOC or
SWMU-specific investigations in Zone C, the assessment of Subzone C-3 (formerly
AEC III-2) was properly included in the Zone C RFI Work Plan because of the
sensitive habitat types found therein and the uncertainty of any NAVBASE impacts
on them. After subsequent Zone C assessments of the surrounding area, however, no
significant SWMU or AOC-related contaminant migration pathways to the detention
ponds were observed. Thus, it is agreed that with the absence of such pathways, an
ecological risk assessment of Subzone C-3 is unnecessary. Therefore, the ERA of
Subzone C-3 has been deleted from the revised Zone C RFI Report.

Furthermore, the only NAVBASE RFI site identified in the vicinity of the detention
ponds is a portion of AOC 504, the base railyards. These railyards are being assessed
during the Zone L RFI. If any contaminant migration pathways to Subzone C-3 are
identified during the Zone L investigation of AOC 504, the necessary ecological risk
assessment will be performed.

SPECIFIC
Comment:

1.

Page vi, Table of Contents, List of Tables, Tables 2.7 and 8.7 - The footnotes are missing.

Response:

1.

The footnotes are included in the tables themselves. The footnote annotations have
been removed from the Table of Contents.
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Comment:

2. Page xiii, Abbreviations, Acronyms, and Symbols for NAVBASE Zone C- The acronym
and definition are provided for Wisconsin Occupational Health Laboratory. EPA does not
understand the significance of these in the Naval Base Charleston Zone C RFI Report in
South Carolina.

Response:

2. The acronym list provided is a generic, all inclusive list of acronyms used to date in
the NAVBASE RFI documents.

Comment:

3. Pages 1-2 and 1-3, Figures 1.1 and Figure 1.2 - These figures are identical. Replace one
of them with a figure showing the locations of all of the Solid Waste Management Units
(SWMUs) and Areas of Concern (AOCs) within Zone C.

Response:

3. The figures have been replaced as follows: Figure 1.1 Vicinity Map; Figure 1.2
Locations of Land Holdings and Occupants; Figure 1.3 Investigative Zone Boundaries;
Figure 1.4 Zone C Location Map.

Comment:

4. Page 5-2, Sections 5.0 and 5.1 - In the text, clarify that the comparison of detected organic
and inorganic chemical concentrations to the USEPA Region 3 RBC Table pertains only
to the protection of human health and does not address protection of ecological receptors.

Response:
4, The text has been revised as noted in the comment. (Page 5.1)

Comment:

5. Page 5-9, Section 5.2.5 - The statement is made that: This is the approach favored by the
Ohio Environmental Protection Agency and the Texas Natural Resource Conservation
Commission to determine whether onsite contamination is greater than background.

Since Naval Base Charleston is located in South Carolina, the appropriate issue is not “the
approach favored by the Ohio EPA and the Texas NRCC to determine whether onsite
contamination is greater than background” but rather the approach favored by South
Carolina.
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Response:

5. Section 5.2.1 provides a description of the background method accepted by the project
team for use in Zone C.

Comment:

6. Page 5-13, Section 5.2.9 - Reference to EPA documents is appropriate anytime; reference
to other State’s documents is not.

Response:
6. The reference to other state documents has been deleted. (Page 5.14)

Comment:
7. Page 6-1, Section 6.0 - The theory and application of Fate and Transport are discussed.

The discussion leads up to, but stops short of, making a conclusion. The questions that
need to be answered here are:

a. What is the contamination, where is it coming from, where is it going, and how is
it getting there? And,

b. What is the horizontal and vertical extent of contamination?
Response:
7. The answers to these questions are provided in the Section 10 site specific discussions.

Similar to comment 2 above, the intent was only to provide the theory in the early
sections and provide the application in Section 10.

Comment:
8. Page 7-18, Section 7.3.6.5 - the statement is made that: Because Zone C is part of
BRAC IMI, future site use cannot be assumed with certainty. The intent of this statement

is unclear and open for a wide variety of interpretations. It should be clarified and
specific.

Response:

8. Text has been added to state what is known about the intended future use of the
Zone C area. The intent of the sentence was to inform the reader that, while proposed
reuse plans exist, the plans are subject to change. To accommodate the potential for
change, the risk assessment evaluates both a conservative future child resident



Response to Comments
Environmental Protection Agency
For Draft Zone C RFI Report
Dated January 1996

scenario and a less conservative future adult worker scenario to provide the risk
managers a wide range of remedial goals. (Page 7.19)

Comment:

9. Page 8-1, Section 8.0 - The statement is made that: This methodology is described in detail
in the Final Zone J RFI Work Plan (submitted November 22, 1995). This raises two
points:

a. A Comprehensive RFI Work Plan has been developed and approved for work to
be done at two or more zones. Each Zone Work Plan is intended to be specific for
that zone. Thus, any reference to a more detailed description of this methodology
should be to either the Comprehensive RFI Work Plan or a Section in the Zone C
RFI Work Plan.

b. The Zone J RFI Work Plan is still draft and should be referred to accordingly.

Response:

9. The text has been revised to read: “This survey methodology, which is used in
conjunction with the Zone C RFI Report, is also described in the Zone J RFI Work
Plan.” (Page 8.1)

Comment:

10.  Page 8-3, Figure 8.2 - a. In the legend, add short descriptive phrases for the three
ecological sub-zones (e.g., C1 - scrub-shrub area; C2 - low-lying grassy area with trees;
C3 - detention ponds). b. In order to determine the possible relationship between
SWMUSs/AOCs and the ecological sub-zones, show the locations of the Zone C SWMUSs
and AOC:s in this figure.

Response:
10.  Figure 8.2 has been revised as requested.

Comment:
11. Page 84, Section 8.1 - In this section, or Page 8-8, Section 8.3, include a list of SWMUs
and AOCs potentially affecting each of the three sub-zones in Zone C.
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Response:
11. A table of SWMUs and AOCs associated with each subzone has been added.
(Page 8.4)

Comment:
12.  Page 8-5, Section 8.1 - For Sub-zone C-2, indicate whether the runoff ditches are possible

contaminant migration pathways from AOC 512, and whether they flow into a tributary
or end in the low-lying area at C-2.

Response:

12.  The text has been revised to include the statement that the Subzone C-2 ditches are
potential contaminant migration pathways from AOC 512 and that they ultimately
drain into Noisette Creek. (Page 8.5)

Comment:

13.  Page 8-8, Section 8.2 - Sub-zone C-1 and SWMU 44 are located adjacent to Noisette
Creek. Therefore, add a comparison (table and text) of SWMU 44 ground water chemical
concentrations to the Region 4 surface water screening values (See Page 10-24,
Section 10.1.9.2).

Response:

13.  Because Section 10.1.9.2 acknowledges the potential significance of groundwater to
surface water contaminant transfer, either table 10.1.13 will be modified or a similar
table created which compares groundwater data to ambient water quality criteria.

Comment:

14.  Page 8-10, Section 8.3 - Clarify whether the inorganic analytical data for surface soils
were compared to two times the background inorganic concentrations or to the “Upper
Tolerance Limit of Background” (e.g., Page 8-18, Table 8.4b).

Response:

14. Inorganic analytical data were compared to Upper Tolerance Limits of background.
The text has been corrected. (Page 8.9)
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Comment:
15.  Pages 8-11 through 8-18, Tables 8.2a through 8.4b - Include the measurement units for the
columns headed “Upper Tolerance Limit of Background” and Effects Level.”

Response:
15. The appropriate units have been added in the revised RFI Report. (Page 8.13)

Comment:

16.  Page 8-13, Table 8.2c - a. Since the surface water quality criteria and screening values
for some metals are hardness-dependent, add a footnote indicating what hardness value was
used. (That is, were the criteria adjusted for site-specific hardness?). b. Since total
chromium was measured in surface water, and hexavalent chromium is more soluble than
trivalent chromium, include the chronic effects levels for both trivalent (103 r.g/l) and
hexavalent (50 ng/l) chromium. c. Include the freshwater screening value for iron (i.e.,
1,000 rg/).

Response:
16. A footnote has been added stating that the reported concentrations of hardness-
dependent compounds have not been adjusted for site-specific hardness. (Page 8.15)

To be consistent with the effect levels presented in the table, the 1995 USEPA Chronic
Freshwater Surface Water Screening Values for chromium III and VI (117.32 g/l
and 11ug/1, respectively) have been added.

The freshwater screening value for iron has been added.

Comment:

17.  Pages 8-19 to 8-22, Section 8.4 - Although this section on “Stressor Characteristics” is
under the heading “Contaminant Fate and Transport”, it includes some information on
ecological effects. In future RFI reports for other zones, it would be better to include all
of the effects information in the same section.

Response:
17.  The ERA format has been revised so section headings are more consistent with the text
provided below them.
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Comment:
18.  Page 8-23, Section 8.5.1 - Revised the last line to read “qualitatively measured by
comparing literature data on toxic effects to actual soil concentrations.”

Response:
18. The text has been revised as requested. (Page 8.20)

Comment:
19.  Page 8-24, Section 8.5.4 - Since Sub-zone C-3 consists of two detention ponds, check the
first sentence to see if it should refer to Sub-zone C-1 instead of C-3.

Response:
19. The referenced text has been corrected. (Page 8.23)

Comment:

20.  Page 8-30, Section 8.7 - The point made in Paragraph 1 about the use of different
concentration units is understandable. However, since the analytical data are presented in
units of ng/kg or mg/kg (for example), rather than in ppb or ppm, it is preferred that the
former units be used in future discussions.

Response:

20.  The units have been converted to .g/kg and mg/kg rather than ppb and ppm. The
statement regarding different concentration units has been deleted since a
“standardized” convention is now being used. (Page 8.30)

Comment:

21. Pages 8-30 to 8-37, Section 8.7 and 8.7.1, and Pages 8-54 to 8-56, Section 8.7.3 - Most
of the information in these sections pertains to ecological effects and, therefore, would be
more appropriate in Section 8.6 (Ecological Effects Assessment), beginning on Page 8-24.
Risk characterization actually begins on Page 8-37 for terrestrial infaunal invertebrates and
Page 8-56 for terrestrial vegetation.

Response:
21. This format discrepancy is noted and revisions have been made to Section 8 as
requested.



Response to Comments
Environmental Protection Agency
For Draft Zone C RFI Report
Dated January 1996

Comment:

22.

Page 8-37, Section 8.7.1 - a. General Comment - Include a statement indicating how risk
to terrestrial infaunal invertebrates was characterized (e.g., for Sub-zone C-1, comparison
of maximum surface soil concentrations for the Ecological Chemicals of Potential Concern
(ECPCs) in Table 8.2a to ecological effects concentrations in Table 8.6). b. For
Subzone C-1, the statement is made that, aside from copper, “Other inorganic
concentrations were below effects levels reported in the literature.” This statement is not
fully supported. For example, Table 8.2a lists arsenic as an ECPC, but Table 8.6 does not
include the ecological effects data for arsenic. Therefore, it is not clear whether arsenic
presents a risk to terrestrial infaunal invertebrates. If ecological effects data are not
available for particular ECPCs, say so in the text; the lack of effects data is an uncertainty
with respect to the risk characterization, as mentioned on Page 8-58, Section 8.8. (This
comment also applies to the other subzones discussed in this section.) c. Include the basis
for the statement that “No risk to infaunal organisms from organic concentrations found
at Subzone C-2 are predicted.” d. This section states that “No inorganic data were
available for soil within Subzone C-3.” Since inorganic data for Subzone C-3 are presented
on Page 8-18, Table 8.4b, the statement must be clarified.

Response:

22.

The text has been revised to explain the comparative method used for terrestrial
infaunal invertebrate risk characterization. (Page 8.33)

Further discussion regarding the uncertainties resulting from incalculable risk (i.e.,
no effects data) has been added to the revised section.

This statement has been revised to read “Risk to infaunal organisms from organic
concentrations found at Subzone C-2 cannot be predicted due to lack of effects level
information on the detected parameters.”

Subzone C-3 has been deleted from the Zone C ERA (See the response to comment 6).

Comment:

23.

Page 8-42, Table 8.11a - Check the series of U.S. Fish and Wildlife Service Contaminant
Hazard Reviews by Ronald Eisler for reference toxicity values (RTVs) for the inorganics
for birds (e.g., Eisler, Ronald. 1988. Arsenic Hazards to Fish, Wildlife, and Invertebrates:
A Synoptic Review. USFWS Contaminant Hazard Reviews, Report No. 12.). Also, see
RTVs for inorganics for the American Robin, Page 8-43, Table 8.11b.

10
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Response:

23. The TRV values have been updated as requested in the revised RFI Report.
(Page 8.41)

Comment:

24.  Pages 8-38 to 8-53, Section 8.7.2 - Food chain calculations based upon maximum surface
soil contaminant concentrations show a potential risk (sublethal effects) for terrestrial
wildlife. Therefore, it is recommended that mean contaminant concentrations also be used
in determining potential dietary exposure, to give a risk range and to determine whether
risk is related to localized vs. widespread areas of high contaminant concentrations.

Response:
24. Both the maximum and mean contaminant concentrations will be used to assess
localized and widespread risk. (Pages 8.34 - 8.49)

Comment:

25.  Pages 8-56 to 8-57, Section 8.7.3 - a. Include a statement indicating how risk to terrestrial
vegetation was characterized (e.g., for Sub-zone C-2, comparison of the maximum soil
chemical concentrations for the ECPCs in Table 8.3 to the ecological effects concentrations
in Table 8.14 and in the text.) b. For each sub-zone, indicate why “Effects from organic
concentrations could not be assessed.” (For example, lack of sampling data or lack of
ecological effects data.)

Response:
25.  The text has been revised to explain the comparative method used to characterize risk
to terrestrial vegetation. (Pages 8.49 - 8.52)

Text has been added regarding how the absence of ecological effects data and
sampling data for certain subzones prohibited the assessment of ecological effects from
organic constituents.

Comment:

26.  Page 8-57, Section 8.7.3 - The text states that the manganese concentration exceeded the
effects levels reported in the literature, yet no literature data for manganese are presented
on Page 8-55, Table 8.14, or in the text. Include the effects levels.

11
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Response:

26.

The reference to a manganese effect level was in error and has been deleted from the
revised text.

Comment:

27.

Page 8-57, Section 8.7.4 - a. In paragraph 1, last line, change “surface water quality” to
“aquatic receptors.” b. For Sub-zone C-1, include a reference to Page 8-13, Table 8.2c.
State that iron and cadmium exceeded the water quality criteria (Table 8.2¢c and comment
given above). Also, mention that surface water and sediment samples were not analyzed
for organic compounds. c. As mentioned above, if the drainage ditches contain aquatic
habitat, risk must be evaluated for aquatic receptors in the ditches. The risk
characterization must include an evaluation of the potential for SWMU 44 contaminants
(based upon concentrations of chemicals found in ditch surface water and sediment and in
ground water) to migrate to Noisette Creek at levels that could pose a risk to aquatic
receptors in the creek. Also, include an initial risk evaluation of the Noisette Creek
surface water and sediment samples collected near SWMU 44. d. Explain why it would
be difficult to determine “specific impacts to receptors” in relation to surface water and
sediment chemicals which exceeded their effects levels. EPA Region 4 generally
recommends that further evaluation and possibly site-specific biological testing be
conducted for media samples with chemical concentrations exceeding the screening values.

Response:

27.

The text has been revised as requested. (Page 8.53)

A reference to the table of inorganic constituents detected in Subzone C-1 surface
water has been added. The fact that organic constituents were not analyzed for at
Subzone C-1 has also been added along with a list of those inorganic concentrations
which exceeded the water quality criteria. (Page 8.52)

Based on the conditions observed in the SWMU 44 ditches, it is unlikely that they
could support a significant viable aquatic habitat.

The Navy agrees that biological testing could be used to answer the question
concerning minimal impacts. However, since concentrations only minimalily exceed
screening values, a risk management decision should be made as to whether more
sampling is really needed. The statement in the text has been revised. (Page 8.53)

12
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Comment:

28.

Page 8-59, Section 8.9 - a. As written, the ecological risk assessment does not present
sufficient information to make a decision concerning the possible need for corrective action
at different AOCs or SWMUs. Several data gaps are mentioned in the text and in
comments contained herein. These data gaps must be addressed in order to finalize the
ecological risk assessment. This again points out the apparent lack of a mechanism for
proceeding from Phases I and II to Phase III of the ecological risk assessment prior to
submission of a draft RFI Report. (EPA can work with EnSafe to recommend a
mechanism appropriate to the Navy and EPA). b. Revise this section, based upon
ecological risk comments given above.

Response:

28.

Following the October 30, 1996 meeting with EPA and SCDHEC in Atlanta, the only
data gap identified was the need to collect a couple more samples at SWMU 44. The
mechanism to discuss site specific results and need for further action appears to be the
project team meetings. The text is being revised per these comments and the
October 1996 meeting agreements.

Comment:

29.

Page 9-1 to 9-3, Sections 9.0 and 9.1, and Page 9-7, Section 9.4 - The wording in these
sections implies that only human health concerns will be the basis for determining the need
for a Corrective Measures Study. Depending upon the final outcome of the Ecological
Risk Assessment, ecological concerns might also need to be addressed through corrective
action.

Response:

29.

The text has been revised to clearly state that ecological concerns will be included and
addressed in the Corrective Measures Study. (Page 9.1)

Comment:

30.

Page 9-9 to 9-11, Sections 9.4.2, 9.4.3, and 9.4.4 - These sections include consideration
of “The potential for damage to domestic animals, wildlife, food chains, crops, vegetation,
and physical structures caused by exposure to waste constituents.” Since domestic animals,
crops, and physical structures are not addressed in ecological risk assessments, it would
be better to include them in a separate sentence.

Response:

30.

The text has been revised as requested. (Page 9.9)

13
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Comment:

31.

Page 9-1, Section 9.0 says in part that: the RFI Report should discuss whether the extent
of contamination has been defined, and propose recommended actions for the SWMUs and
AOCs, such as collection of additional samples, proceed into a Corrective Measures Study,
or No Further Investigation, whichever is appropriate.

EPA agrees with this former SCDHEC comment. Yet, Section 9.0 does not fully satisfy
this comment. This section summarizes what is contained in the USEPA guidance
documents RCRA Corrective Action Plan (USEPA, 1994) rather than dealing with the site
specific CMS issues. Section 9.0 is a very important section which should serve as a focal
point for the rest of the Zone C RFI Report. It should summarize which areas are clean
and require No Further Investigation, which areas need additional samples (how many,
where, what type, etc.), and which areas should proceed into the Corrective Measures
Study. Further, it should identify the boundaries of each site (“the extent of
contamination”). The extent of contamination is critical to designing a CMS.

Response:

31.

Like most of the other sections which precede Section 10, Section 9 was primarily
intended to discuss general issues. Section 10 and the conclusions/recommendations
in Section 11.0 reflect consensus opinion of the project team regarding NFI on CMS
decisions. The Navy agrees that if the extent of contamination is not adequately
defined, these decisions cannot be made.

Comment:

32.

Page 9-26, Section 9.8 - A discussion is presented of a system for ranking the corrective
measure alternatives. The statement is made that: The ranking system will apply a
weighing factor selected by the Navy to determine the importance of each corrective
measure criterion. However, the use to be made of that information is not provided. It
should be noted that RCRA corrective action includes a public participation process.
Specifically, while the Navy can recommend corrective measure alternatives, public input
will be actively solicited and weighed heavily in the decision which will be made by the
RCRA Permitting Authority (i.e., SCDHEC) as to which actual corrective measure is
selected for each site. This emphasizes the importance of getting and keeping the
Restoration Advisory Board informed and actively involved in the decision making process
throughout the RFI and CMS.

14
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Response:

32.  The concerns expressed in this comment have been addressed by the development of
a Comprehensive CMS Work Plan. During the development of that plan, the RAB’s
input was sought in determining the order of importance of the weighting factors.

Comment;

33.  Page 10-2, Figure 10.1.1 - Since two sampling locations are labeled 044SB006, one of
them needs to be corrected.

Response:
33.  The discrepancy has been corrected.

Comment:
34.  Page 10-9, Section 10.1.2 - In the cyanide discussion, the subject document states that
4.3 mg/kg is below the RBC of 160 ug/kg. The document seems to contain many errors

such as this. It is recommended that this document be thoroughly proofed before
resubmission.

Response:

34. The Navy agrees. The document will undergo both professional peer review and
technical editing.

Comment:
35.  Page 10-12, Table 10.1.6 - Please check the units. Even if it were possible to accurately

analyze a contaminant at such levels, it is not possible to get samples that could be
duplicated.

Response:
3s. The units in the table have been verified.

Comment:
36.  Page 10-13, Table 10.1.7 - This data should be reviewed and discussed in terms of sample
turbidity.

15
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Response:
36. Turbidity measurements were reviewed and are generally below 10 NTU. For

inorganics and organics that have an affinity for adsorbing to entrained sediment, it
is unlikely turbidity has had a significant effect on results.

Comment:
37.  Page 10-1, Section 10.1, SWMU 44, Coal Storage Area - Apparently, arsenic (from the

coal???) has contaminated the soil and groundwater at levels that may present a problem.
This requires clear delineation.

Response:
37.  Arsenic in shallow groundwater has been identified as a potential human health risk

driver in Section 10.1.10.5 even though it was present a concentrations below it’s
MCL.

Comment:

38. Page 10-1, Section 10.2, SWMU 47 and AOC 516, Former Burning Dump - The cancer
risk from groundwater is driven by a single detection of dimethyl benzidine. This is
remarkable in that a benzidine compound was also found in groundwater at Zone H. Lead
is present in groundwater at unacceptable levels. Lead is present in soil above the
residential screening level of 400 mg/kg; however, the average lead concentration in soil
is about 800 mg/kg and below the adult cleanup level of 1,300 mg/kg derived using the
Bowers model. Given that the future use is expected to be a parking lot, lead in soil
should not present a risk management problem.

Response:

38.  The dimethyl benzidine was only detected during the first quarter of sampling and it’s
apparent presence can not be explained. The Navy shares a concern with lead levels
in groundwater but is not ready to concede that remedial measures are required until
ambient water quality issues are resolved. The exposure area for lead at the sites is
being reduced to look at a 120 foot by 120 foot area with the maximum detection at
0445B007 used as the EPC. This should answer SCDHEC concerns regarding worst
case.

Comment:
39. Page 10-1, Section 10.3, AOC 508, and AOC 511, Former Incinerator and Oil House -
Lead was present in surface soil above the residential screening level of 400 mg/kg;
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however, the high hit of lead was 768 mg/kg and should not present an unacceptable risk
based on the future land use as a community support area.

Response:
39. The project team has agreed with this observation.

Comment:

40. Page 10-1, Section 10.4, AOC 515 and AOC 519, Former Incinerator and Boiler House -
Disulfoton was indicated in Table 10.4.8 to be a COPC. However, it was detected below
its RBC. The concentration given in the table was wrong and should be corrected.

Response:

40. The value presented was for a matrix spike sample which should not have been
presented as a site constituent. Table 10.4.8 has been revised.

Comment:

41. Page 10-1, Section 10.5, AOC 523, Former Gas Station - Aluminum is a COPC in
groundwater; for a residential scenario, it is present only very slightly above its RBC.
Given the uncertainty with aluminum toxicity, this might become a risk management
decision.

Response:
41. The Navy agrees with this observation.

Comment:

42.  Page 11-1, Conclusions - The table on this page presents conclusions for the risk
assessment to determine which sites should move to CMS. In general, EPA is in
agreements with the conclusions in this table and feel, if anything, that these conclusions
are overly conservative. For the ubiquitous contaminants lead and PAHs, the land use
should be factored into the decision to perform a CMS.

Response:

42. The conclusions will be reviewed and a consensus agreement on site status reached by
the project team prior to resubmittal of the report.

17



Response to Comments
Environmental Protection Agency
For Draft Zone C RFI Report
Dated January 1996

Comment:

43.  Page 10-1, Section 10 - These discussions need to conclude with a discussion of the
horizontal and vertical extent of contamination which is critical to the design of a
Corrective Measures Study (CMS) where a CMS is needed and to the transfer of property
where an area is demonstrated to be “environmentally clean”. Maps should display these
areas. Subsequent to the submission of this draft RFI Report, EPA has reviewed draft
maps which have been developed to address this concern. EPA is satisfied that if these
maps are developed, this concern would be adequately addressed.

Response:
43.  The maps referred to are assumed to be the risk based maps presented to the project
team. Risk and/or concentration maps have been included in the revised report.

Comment:

44.  Page 10-1, Section 10.6.1 - The statement is made that: The Final Zone C Work Plan
(E/A&H, February 1995) required residue sampling to be collected from a pit on the west
of Building NH-21; however, no samples were collected since no sediment, liquid, or other
residue was observed in the pit. The purpose for the pit sampling was to determine the
results of possible releases of solvents from Building NH-21. This determination still
needs to be made. In the future, EPA recommends that before such deviations are made
from an approved work plan, Naval Base Charleston consult with SCDHEC and EPA.

Response:

44.  The purpose of the pit sampling was to determine if any wastes remain which need to
be properly characterized for disposal. The objective of assessing whether a release
had occurred was met by installing soil borings outside the pit.

Comment:

45. Page 10-7, Table 10.6.2.4 - Check the high-end concentration in the chromium
concentration range for a possible decimal error (i.e., 21.7 mg/kg rather than
21,700 mg/kg chromium?).

Response:

45.  The result in question was for soil sample 512SB006-01 and the result was 21.7 ppm.
Table 10.6.2.4 has been corrected.
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Response to Comments
Environmental Protection Agency
For Draft Zone C RFI Report
Dated January 1996

Comment:

46. Page 10-14, Section 10.1.5, and Page 10-15, Section 10.1.7 - In the text, tell why
sediment sample 044MO0013 (Page 10-16, Figure 10.1.3) and surface water
sample 044W0013 (Page 10-17, Figure 10.1.4) were not collected at the same location.

Response:
46.  The text has been revised to note that no water was present when the sediment sample
was collected; therefore, an alternate location was sampled. (Page 10.1.14)

Comment:

47. Page 10-90, Section 10.1.10.5 - The statement is made that: BEHP is a common lab
artifact and detections in this range are often related to exogenous source. This raises three
points: a. Good laboratory practice has ways of avoiding, or at least minimizing, lab
artifacts. b. Good laboratory practice has ways of identifying when a chemical in a sample
is a true sample ingredient and when it is a laboratory artifact. c. Simply identifying that
a chemical is sometimes found as a lab artifact does not explain the chemical in the samples
collected at Naval Base Charleston. Should such a lab artifact question arise, EPA would
expect the laboratory to identify and resolve the issue or the Contractor to collect
additional samples for analysis in a different laboratory. Fact rather than conjecture is
needed here.

Response:

47. The Navy and their contractor have ensured via contractual mechanisms that the
subcontract laboratories will follow proper quality assurance protocol. The data
validation reports were provided as an appendix to support the statement made.

Comment:
48.  Page 11-1, Section 11.0 - The discussion focuses on specific sites but does not relate the
grid sites to the specific hazardous waste sites. This correlation needs to be made.

Response:
48. For those samples collected in conjunction with possible sites such as those collected
around Building 400, a correlation has been made. (Page 10.7.3)

Comment:
49.  Page 11-6, Section 11.9 - Revise this section as needed, based upon the comments given
above.
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Response to Comments
Environmental Protection Agency
For Draft Zone C RFI Report
Dated January 1996

Response:

49.  This section will be revised per the comment responses and the October 1996 meeting
in Atlanta.

Comment:

50. Page 13-1, Section 13.0 - The certification, required by regulation, is neither dated nor
signed.

Response:

50. The final document will include a dated and signed certification page.
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ABBREVIATIONS, ACRONYMS, AND SYMBOLS FOR NAVBASE ZONE C

The following abbreviations, acronyms, and units of measurement are used in this report.

AA
ABF
AEC
AL
AOC
AOI

AQTESOLV

ARAR
AST
ASTM
atm
AWQC

BAF
BAP
BDL
BE
BEHP
BEQ
BEST
bgs
BHC
BOD
BRA
BRAC

BTEX

CAMP
CAMU
CDD
CDF
CDI1
CEC
CERCLA
CF
CFR
cm
cm/sec
CLEAN

Atomic Absorption

Absorption Factor

Area of Ecological Concern

Action Level

Area of Concern

Area of Interest

Aquifer Test Solver

Applicable or Relevant and Appropriate Requirement
Aboveground Storage Tank

American Society for Testing and Materials
Atmospheres

Ambient Water Quality Criteria

Bioaccumulation Factor
Benzo(a)pyrene

Below Detection Limit
Barometric Efficiency
bis(2-ethylhexyl)phthalate
Benzo(a)pyrene Equivalent
Building Economic Solutions Together
Below ground surface
Benzenehexachloride
Biochemical Oxygen Demand
Baseline Risk Assessment

Base Realignment and Closure Act of 1988 and Defense Base Closure and

Realignment Act of 1990, collectively
Benzene, toluene, ethylbenzene, and xylene

Corrective Action Management Plan
Corrective Action Management Unit
Chlorinated dibenzo-p-dioxin
Chlorinated dibenzofuran

Chronic Daily Intake

Cation Exchange Capacity

Comprehensive Environmental Response, Compensation, and Liability Act

Calibration Factor

Code of Federal Regulations

centimeter

centimeters per second

Comprehensive Long-Term Environmental Action Navy
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ABBREVIATIONS, ACRONYMS, AND SYMBOLS FOR NAVBASE ZONE C

(Continued)
CLP Contract Laboratory Program
cM Corrective Measures
CMI Corrective Measures Implementation
CMS Corrective Measures Study
COD Chemical Oxygen Demand
CNS Central Nervous System
CNSY Charleston Naval Shipyard
COC Chemical of Concern
COPC Chemical of Potential Concern
cPAH - Carcinogen Polynuclear Aromatic Hydrocarbon
CPSS Chemical Present in Site Samples
CRAVE Carcinogen Risk Assessment Verification Endeavor
CRDL Contract Required Detection Limit
CSAP Comprehensive Sampling and Analysis Plan
CSI Confirmatory Sampling Investigation
CT Central Tendency
Ccv Coefficient of Variation
CWA Clean Water Act
DCAA 2,4-dichlorophenylacetic acid
DDD Dichlorodiphenyldichloroethane
DDE Dichlorodiphenyldichloroethylene
DDT Dichlorodiphenyl-trichloroethane
DMA Dredged Material Area
DNAPL Dense Non-Aqueous Phase Liquid
DOD Department of Defense
DQO Data Quality Objectives
DRO Diesel Range Organics
DWEL Drinking Water Equivalent Level
E/A&H EnSafe/Allen & Hoshall
ECAO Environmental Criteria and Assessment Office
ECPC Ecological Chemical of Potential Concern
EMPC Estimated Maximum Possible Concentration
EOD Explosive Ordnance Disposal
EPC Exposure Point Concentration
ERA Environmental Risk Assessment
ESA Ecological Study Area
ESDSOPQAM Environmental Services Division Standard Operating Procedures and

Quality Assurance Manual
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FC
FFI

FI
FID
ft*/day

GC/MS
gpm
GPS
GRO

HASP
HEAST
HMW
HI

HQ
HSWA
HTTD

ICAP
ICM
ICP
ID
IDL
ILCR
ILO
IRIS

IS

kph

LCS
LCs,
LDy,
LDR
LMW
LN
LNAPL
LQAC
LTTD

MCL
MCLG

(Continued)

Fraction contracted
Focused Field Investigation
Fraction Ingested
Flameionization detector
Square feet per day

Gas Chromatography/Mass Spectroscopy
Gallons per minute

Global Positioning System

Gasoline Range Organics

Health and Safety Plan

Health Effects Assessment Summary Table
High Molecular Weight

Hazard Index

Hazard Quotient

Hazardous and Solid Waste Amendments
High-Temperature Thermal Desorption

Inductively Coupled Argon Plasma
Interim Corrective Measure

Inductively Coupled Plasma

Inside Diameter

Instrument Detection Limit

Incremental Lifetime Excess Cancer Risk
Indeterminate Lubricating Oil

Integrated Risk Information System
Installation Restoration Program

Internal Standard
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Laboratory Control Sample
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Land Disposal Restriction
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Laboratory QA Coordinator
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Maximum Contaminant Level Goal
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meq/L
mg/kg
mg/L
mg/m’
ml

mm

mph

msl
MS/MSD

NA
NAD
NAVBASE
NBS
NCEA
NCR
ND
NEESA
NFI
ng/kg
NGVD
NIOSH
NL
NOAA
NOAEL
NPDES
NR
NTP
NTU

OERR
OSHA
OSWER
OVA

PAH
PCB
PDE
PE
PEM

pg/g

(Continued)

Milliequivalent per liter

Milligram per kilogram

Milligram per liter

Milligram per cubic meter

Milliliter

Millimeter

Miles per hour

Mean sea level

Matrix Spike/Matrix Spike Duplicate

Not Applicable

North American Datum

Naval Base Charleston

National Bureau of Standards

National Center for Environmental Assessment
NEESA Contract Representative

Not Detected

Naval Energy and Environmental Support Activity
No Further Investigation

Nanogram per kilogram

National Geodetic Vertical Datum

National Institute for Occupational Safety and Health
Not Listed

National Oceanic and Atmospheric Administration
No Observable Adverse Effect Level
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Picogram per gram
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(Continued)

Site Foraging Factor

Secondary Maximum Contaminant Level
Standard Operating Procedure

Southern Division Naval Facilities Engineering Command
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Sample Quantitation Limit

Soil Screening Level
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Toxic Substances Control Act

Total Suspended Solid

Treatment Technique Action Level
Temporary Unit

/
/
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United States Department of Transportation
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Zone C RCRA Facility Investigation Report
NAVBASE Charleston

Section 1— Introduction

Revision: 0

1.0 INTRODUCTION

The environmental investigation and remediation at Naval Base Charleston (NAVBASE) are
required by the Hazardous and Solid Waste Amendments (HSWA) portion of the Resource
Conservation and Recovery Act (RCRA) Part B permit. These conditions are consistent with the
RCRA Corrective Action Program, whose objectives are to evaluate the nature and extent of any
hazardous waste or constituent releases, and to identify, develop, and implement appropriate
corrective measures to protect human health and the environment. The scope of the RCRA
Facility Investigation (RFI) includes the entire naval base, which has been divided into Zones A
through L to accelerate the RFI process. This Zone C RFI Report, prepared by EnSafe Inc.
(EnSafe), is submitted to satisfy condition II.C.6 of the HSWA portion of the Part B permit.

1.1 NAVBASE Description and Background

Location

NAVBASE is in the city of North Charleston, on the west bank of the Cooper River in Charleston
County, South Carolina (Figure 1.1). This installation consists of two major areas: an
undeveloped dredged materials area on the east bank of the Cooper River on Daniel Island in

Berkeley County, and a developed area on the west bank of the Cooper River (Figure 1.1).

The developed portion of the base is on a peninsula bounded on the west by the Ashley River and
on the east by the Cooper River. Major commands that formerly occupied areas of the base
include Charleston Naval Shipyard, Fleet Ballistic Missile Submarine Training Center, Fleet and
Industrial Supply Center, Fleet and Mine Warfare Training Center, Naval Hospital Charleston,
and Naval Station (Figure 1.2). NAVBASE also included the degaussing facility in downtown
Charleston, the Shipboard Electronics System Evaluation Facility on Sullivan's Island, and the

Naval Station Annex adjacent to the Charleston Air Force Base.
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The areas surrounding NAVBASE are mature urban, having long been developed with
commercial, industrial, and residential land uses. Commercial areas are primarily west of
NAVBASE; industrial areas lie primarily north of NAVBASE and along the west bank of
Shipyard Creek.

The area west of Shipyard Creek has been concentrated with industrial users for many years.
Railways have served the area since the early 1900s. The presence of railways, when combined
with nearby waterways, has made the area ideal for industry. While ownership has changed from
time to time, the land adjacent to NAVBASE remains dedicated to chemical, fertilizer, oil

refining, metallurgy, and lumber operations.

In contrast, the east bank of the Cooper River is undeveloped and contains extensive wetlands,
particularly along Clouter Creek and Thomas Island. Active dredged materials disposal areas are

on Navy property between the Cooper River and Clouter Creek.

History

In 1901, the U.S. Navy acquired 2,250 acres near Charleston to build a naval shipyard, and the
first naval officer was assigned duty in early 1902. A work force was organized, the navy yard
surveyed, and construction of buildings and a drydock began. The drydock was finished in 1909,
along with several other brick buildings and the main power plant, which are still in use today.
With a work force of approximately 300 civilians, the first ship was placed in drydock and work
began on fleet vessels in 1910. World War I brought about an expansion of the yard, land area,
and work force. Employment levels dropped following the war. Work increased at the yard
beginning in 1933, when a larger workload, principally in construction of several Coast Guard
tugs, a Coast Guard cutter, and a Navy gunboat, created the need for more facilities and a much

larger work force.
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Civilian employment peaked in 1943 with almost 26,000 employees divided among three daily
shifts. In 1956, construction began on new piers, barracks, and buildings for mine warfare ships
and personnel. Later in the decade, Charleston became a major homeport for combatant ships and

submarines of the U.S. Atlantic Fleet.

Base Closure

Today, NAVBASE Charleston is in the process of shutting down operations. In 1993, NAVBASE
Charleston was added to the list of bases scheduled for closure under the Defense Base
Realignment and Closure Act (BRAC), which regulates the closure and transition of property to
the community. Operations have been scaled back and environmental cleanup has begun to make

the property available for redevelopment after closure on April 1, 1996.

1.2  Base Closure Process for Environmental Cleanup

The Installation Restoration Program

In 1980, the Department of Defense established the Installation Restoration Program (IRP) to
investigate and clean up contamination which may have resulted from past operations, storage, and
disposal practices at federal facilities around the country. The Navy adopted this program, which
has regulatory requirements similar to those developed under the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA). Although federal installations were not
required to comply with this act until it was amended in 1986, the Navy has, in effect, been

complying with its environmental regulations through participation in the IRP since 1980.

Resource Conservation and Recovery Act

The primary focus of NAVBASE environmental cleanup activities falls under RCRA, which was
passed by Congress to control the handling of hazardous materials and wastes and to set standards
for hazardous waste generation, transportation, treatment, storage, and disposal. NAVBASE was

issued a hazardous waste permit in 1990 in accordance with this act, allowing the base to operate
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within these guidelines. Hazardous materials include substances such as chemicals, pesticides,
petroleum products, paints, and cleaners identified by the U. S. Environmental Protection Agency
(USEPA) as being potentially harmful to human health or the environment.

The NAVBASE hazardous waste permit covers the investigation and cleanup of individual sites
called solid waste management units (SWMUs) as well as areas of concern (AOCs) resulting from

past hazardous waste spills. SWMUs and AOCs are defined in the Part B permit as follows:

. SWMU — "Any unit which has been used for the treatment, storage, or disposal of solid
waste at any time, regardless of whether the unit is or ever was intended for the
management of solid waste. RCRA-regulated hazardous waste management units are also
solid waste management units. SWMUs include areas that have been contaminated by
routine and systematic releases of hazardous constituents, excluding one-time accidental
spills that are immediately remediated and cannot be linked to solid waste management

activities (e.g., product or process spills)."

. AOC — "Any area having a probable release of a hazardous waste or a hazardous
constituent which is not from a solid waste management unit and is determined by the
Regional Administrator to pose a current or potential threat to human health or the
environment. Such areas of concern may require investigations and remedial actions as
required under Section 3005(c)(3) of the Resource Conservation and Recovery Act and
40 CFR §270.32(b)(2) in order to ensure adequate protection of human health and the

environment."

Where appropriate in this document, SWMUs and AOCs are collectively referred to as sizes.
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The investigation and cleanup activities are referred to as "corrective measures.”" The main steps
p

of the corrective measures process are outlined below.

. RCRA Facility Assessment (RFA) identifies potential or actual contaminant releases

through a records review and visual examination of every SWMU and AOC.

. RCRA Facility Investigation (RFI) confirms contamination and determines its nature. This
investigation also examines the extent and rate of any migration and provides baseline data

to evaluate corrective measures.

. Corrective Measures Study (CMS) determines and evaluates cleanup alternatives for the

site. This study also recommends a preferred cleanup option or corrective measure.

. During Corrective Measures Implementation (CMI), the selected corrective measure is

designed, constructed, operated, maintained, and monitored for performance.

. Interim Corrective Measures (ICMs) are used to stabilize, control, or limit further releases

from a site. Interim measures can be imposed at any point in the process.

1.3  Investigative Zone Delineation
Due to the size of the base and the level of detail required for investigations, NAVBASE has been

divided into 12 investigative zones, identified as A through L, as shown in Figure 1.3.
The zone investigations and cleanups were ranked by the Restoration Advisory Board and the

BEST (Building Economic Solutions Together) committee (a board authorized by the state to study

and report on the best reuse options for the property being transferred). In 1994, BEST was
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replaced by the Charleston Naval Complex Redevelopment Authority, which has authority to
establish leases for the transferred property. Zone C is on the western edge of the northern
portion of NAVBASE. The zone is bounded by McMillian Avenue on the south; Hobson Avenue
on the east; Avenue "D" on the northeast and the NAVBASE property boundary on the west and
north. Zone C contains properties identified in the Final Environmental Impact Statement for
Disposal and Reuse of the Charleston Naval Base (Ecology and Environment, Inc., June 1995)

to be used for housing, open space/buffer, community support, and office/training.

1.4  Current Investigation

Objective

The objectives of the RFI are to characterize the nature and extent of contaminants associated with
releases from SWMUSs and AOCs, to evaluate contaminant migration pathways, and to identify
both actual and potential receptors. The ultimate goal is to determine the need for ICMs or a
CMS. This need will be evaluated by conducting a baseline risk assessment (BRA) to assess the
risks posed to human health and the environment by individual and/or groups of sites within a

zone.
Scope
Twenty-four sites were identified in Zone C through the RFA process. Each site in Zone C is

detailed in the Final RCRA Facility Assessment (E/A&H, June 6, 1995).

Recommendations for investigative approach at each site were based on the best information

available at that time and are subject to change should more information become available.

These investigatory designations are as follows:

. No Further Investigation (NFI) — This designation was applied to an AOC or SWMU if

sufficient data were available during the RFA process to thoroughly assess the potential

1.9

10

11

12

14

15

16

17

18

19

20

21

22

23



Zone C RCRA Facility Investigation Report
NAVBASE Charleston

Section 1— Introduction

Revision: 0

hazards associated with the site and to determine that it does not pose a threat to human

health or the environment.

. Confirmatory Sampling Investigation (CSI) — This designation was applied to an AOC or
SWMU if insufficient data were available during the RFA process to thoroughly assess the
potential hazards associated with the AOC or SWMU. Generally, a limited amount of
confirmatory samples are needed to determine whether a hazard exists. The result of the
confirmatory sampling will determine whether no further investigation finding is

appropriate or a full-scale RFI is warranted.

o RFI — This designation was applied to AOCs or SWMUs if visual evidence, historical
information such as spill reports, or analytical data indicate that hazardous substances have
been released to the environment. The RFI characterizes the site to determine the nature
and extent of contamination, to identify migration pathways, to identify actual and potential

receptors, and to evaluate the ecological and human health risks posed by the site.

Of the 24 SWMUs and AOCs identified in the RFA, 16 required further investigation. The Final
Zone C RFI Work Plan (E/A&H, November 1995) outlined an investigative strategy for each site
designated for a CSI or RFI. This RFI report only addresses sites included in the work plan and
addendum. Table 1.1 summarizes each Zone C SWMU and AOC requiring further investigation

and its investigative approach, and Figure 1.4 shows the SWMU and AOC locations.

1.5  Previous Investigations
In addition to data generated during this investigation, information from previous Zone C
investigations was reviewed for this report. Pertinent data have been incorporated were

appropriate. A previous investigation at SWMU 44 included physical and confirmatory sampling.
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Table 1.1
Zone C SWMUs and AOCs with Investigatory Designations
Zone C Investigative Investigation
AOCs and SWMUs Site Description Approach Grouping
SWMU44 = Coal Storage Area . Investigated -
AOQOC 516 Wash Area/Battery Charging RFI AOC and SWMU were
investigated together.

SWMU 47

AOC 515
AOC 519

AOCS10

AOC 512
Aogi';fsi:s
AOC 517

- AOCS20
AOC 522
Aocsis

AOC 523

AOC700

Former Burning Dump

Former Incinerator and Paint Shop CsI

Ijqqner Boiler f{qpse

F;erer Incinerator CSI
FormerMorgne CSI
Former Indoor Firing Range CsI
Former Garbage House oot
Former Grease and Wash Area Csl
Former Coal Bins ‘ CSI’
Former Gas Station CSI
Golf Course Maintenance Building RFI

: 'iinvestigatecl

. AOCs were. -
~ nvestigated together.

AOCs were
investigated together.

B

Tnvestigated

Investigated

___independently

independently

Investigated
independently

Investigated
independently

Investigated
independently

Investigated
independently

Investigated
independently

Investigated

~independently

Soil, surface water, and sediment samples collected were analyzed for metals and physical

parameters.
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1.6  RFI Report Organization

To facilitate review of the RFI report, sections have been formatted to discuss zone-wide
information, overall technical approach, and evaluation methodologies first. These general
informational sections are sequenced according to the natural progression of an RFI investigation.

The zone-wide sections are:

. 1.0 INTRODUCTION

. 2.0 PHYSICAL SETTING

. 3.0 FIELD INVESTIGATION

. 4.0 DATA VALIDATION

. 5.0 DATA EVALUATION AND BACKGROUND COMPARISON
. 6.0 FATE AND TRANSPORT

. 7.0 HUMAN HEALTH RISK ASSESSMENT

. 8.0 ECOLOGICAL RISK ASSESSMENT

. 9.0 CORRECTIVE MEASURES

The site-specific sections are:

and:

10.0
11.0

12.0
13.0

SITE-SPECIFIC (SWMU and AOC) EVALUATIONS
CONCLUSIONS

REFERENCES
SIGNATORY REQUIREMENT
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Section 10 of the RFI Report follows the same chronology as Sections 1 through 9 (zone-wide)
except on a site-specific (SWMU and AOC) basis. The section is subdivided by specific AOCs
or SWMUs and includes the actual data summaries, risk calculations, and corrective measures
evaluations specific to that site. In this manner, the entire investigation sequence, including

conclusions, is contained within a specific tabbed section for easy reference.

Section 11 of the RFI Report summarizes the conclusion sections derived from each Section 10
site-specific summary. In this manner, conclusions regarding which sites are recommended for
the CMS and which are recommended for no further action can be easily determined. Section 12

is a compilation of references.
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2.0 NAVBASE PHYSICAL SETTING

2.1 Geology

2.1.1 Regional Physiographic and Geologic Description

NAVBASE is in the Lower South Carolina Coastal Plain Physiographic Province, on the
Cooper River side of the Charleston Peninsula, which is formed by the confluence of the Cooper
and Ashley rivers. Topography in the area is typical of the South Carolina lower coastal plain,
having low-relief plains broken only by the meandering courses of sluggish streams and rivers
which flow toward the coast past occasional marine terrace escarpments. NAVBASE is essentially
flat. Elevations range from just over 20 feet above mean sea level (msl) in the northwest part of
the base to sea level at the Cooper River. Most of the original topography at NAVBASE has been
modified by activities such as dredge spoil deposition. The southern end of the base was originally
tidal marsh drained by Shipyard Creek and its tributaries. The original elevations in other portions
of the base were only slightly higher. The land surface at NAVBASE has been elevated with both
solid wastes and dredged materials (primarily the latter) in increments over the last 93 years.
Nonetheless, most of NAVBASE remains within the 100-year flood zone of less than 10 feet

above msl.

Charleston area geology is typical of the southern Atlantic Coastal Plain. Cretaceous and younger
sediments thicken seaward and are underlain by older igneous and metamorphic basement rock.
Surface exposures at NAVBASE, in the limited areas which remain undisturbed, consist of recent
and/or Pleistocene sands, silts, and clays of high organic content referred to as the
Wando Formation (Weems and Lemon, 1993). Underlying the Wando Formation, increasing with
age, are the Oligocene-age Cooper Group and the Eocenc-age Santee Limestone. The
Cooper Group consists of the Parker's Ferry, Ashley, and Harleyville formations. The formation
of particular importance in the Cooper Group is the Ashley Formation, which was formerly
referred to as the Cooper Marl in most NAVBASE reports and regional geologic literature. In

more recent geologic nomenclature, the name Cooper has been given to a group of formations
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which includes the Ashley Formation, which is a pale-green to olive-brown, sandy, phosphatic
limestone or marl, locally muddy and/or sandy. The Ashley Formation in the vicinity of
Charleston is encountered at a depth of approximately 30 to 70 feet below ground surface (bgs).
The relief of the top of the Ashley Formation is associated with an erosional basin (Park, 1985).
Park identifies the entire Cooper Unit, of which the Ashley Formation is a member and

hydrogeologically similar, as being approximately 300 feet thick.

Surface soil at NAVBASE has been extensively disturbed. Native soil is the fine-grained silts,
silty sands, and clay typical of terrigenous tidal marsh environments. Sand lenses are present in
localized areas; however, these are generally only a few feet thick. Much of NAVBASE has been
filled using dredged materials from the Cooper River and Shipyard Creek. The dredged materials

are an unsorted mixture of sands, silts, and clays.

2.1.2 NAVBASE Geologic Investigation

Geological and stratigraphic information has been obtained from soil and monitoring well borings
installed during the RFIs for Zones A, B, E, and C. Data for the Zone C investigation have been
assessed and are included in the geologic and hydrogeologic assessment presented in this report.
The soil was classified and logged by an EnSafe geologist as described in the Final RFI
Comprehensive Sampling and Analysis Plan (CSAP), (E/A&H, August 1994). Shelby tubes

collected during soil sampling were analyzed for porosity, grain size, and vertical permeability.

Two phases of drilling and well installation occurred during the Zone C RFI. The initial phase
occurred between March and April 1995 with the installation of 26 shallow wells and
two shallow/deep well pairs. After collecting and evaluating the groundwater and soil data from
the initial investigation, a second shallow well installation phase took place in August 1997. In
all, four temporary shallow wells were installed at AOCs 508, 511, and 512. Additionally, two
deep soil borings were drilled to the top of the Ashley Formation at SWMU 44 for lithologic data
(044SB027 and 044SB028).
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Monitoring well construction data are summarized in Table 2.1. Figure 2.1 presents all Zone C
well locations. Monitoring well construction diagrams and associated lithologic boring logs are

included in Appendix A.

Table 2.1
Zone C Monitoring Well Construction Data

Drilled Data (feet bgs)
Date TOC Elev. Grnd. Elev. DTW GW Elev.*

Monitoring Well ID _Installed  (msl) (msl) TOS BOS BOW !! OC! smsl!

T NBCCOM001  3/29/95 1170 a2
7.23 5.87

NBCC044002  3/29/95  11.20
 NBCCO44003  3/29/95 11.14 723 5.7
NBCC044004  3/30/95  10.95 701 7.29
NBCCO44005 ©  3/30/95  7.71 438 1012
NBCCO44006  3/30/95  7.75 2.78 9.22
 NBCC044007 4/3/95  9.74 802 4.88
NBCCO044008  4/3/95  11.13 S5 603 7.47
NBCCO47001 ~ 4/11/95  8.35 , , 9 417 8.73
NBCC047002 4/6/95  9.80 10.1 3.0 130 130 6.67 6.33
NBCCO47003  4/10/95  9.26 9.1 29 129 129 612 6.78
NBCC047004  4/10/95  9.08 92 25 125 125 554 6.96
“NBCC047005 4/5/95 1114 87 20 120 120 1730 4.70.
NBCC047006 4/5/95  12.27 9.8 21 121 121 153 457
NBCC047007 =~ 4/12/95 9.8 9.4 ‘25 125 125 441 803
NBCC047008  4/12/95  9.16 94 26 126 126 4.8 8.02
NBCCO47009  4/11/95  8.62 88 29 129 129 445 = 845
NBCCO47010  4/12/95  8.30 84 26 126 126 409 851
NBCC047011 4/10/95 821 8.3 26 126 126 460 8.00
'NBCC047012  4/10/95  8.56 8.6 29 129 129 515 7.75
NBCCO47013  4/17/95  9.25 9.3 25 125 150 566 9.34
NBCCO47015  4/17/95  8.96 9.1 25 125 150 4.92 10.08
- NBCC510001 4/4195  29.16 27.0 110 210 210 17.82 3.18
NBCC510002 4/5/95  28.30 263 110 210 210 17.27 3.73
NBCC523001 4/4/95° 789 83 25 125 126 463 1.97
NBCC523002 4/4/95  9.10 9.5 24 124 124 540 7.00
NBCCGDC001 ~ 3/28/95  26.98 25.4 35 135 140 1205 1.95
NBCCGDCOID  4/4/95  11.45 24.8 260 360 360 12.66 23.34
NBCCGDCO02 = 3/29/95 27.69 = 90 20 120 140 1729 6.71
NBCCGDCO2D ___4/5/95 __ 11.17 9.3 610 710 93  7.84 1.46
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Table 2.1
Zone C Monitoring Well Construction Data
Drilled Data (feet bgs)
Date TOC Elev. Grnd. Elev. DTW GW Elev.*
Monitoring Well ID _Installed  (msh (msl) TOS BOS BOW (TOC) (msl)
Temgorﬂ Monitoring Wells ' _
NBCCS08003  8/7/97 © 2944 - 269 - 95 192 195 1378 15.66
NBCC511002 8/6/97 29.09 266 100 197 20.0 12.34 16.75
NBCC512002 8/1197 10.23 9 20 115‘1.7‘ v,12.0, 3.83 6.40
NBCC512003 8/7/97 12.38 10.0 3.0 12.7 13.0 5.21 7.17
Zone E RFI Monitoring Wells
NBCEGDE(27 ~ 9/11/96 10.19 72 . 300 120 130 698 3.21
NBCEGDE27D 9/12/96 9.79 72 28 2 37‘.2 38.0 6.59 3.20
NBCEGDE028 9/13/9 962 97 38 128 138 1702 2.60
___ NBCEGDE28D 9/10/96 9 SL_]_2_3_21 7 257 __26.5 6.79 2.73
Notes:
bgs =  below ground surface
msl =  mean sea level
TOC = Top of well casing
TOS = Top of screened interval
BOS =  Bottom of screened interval
DTW = Depth to water

L]

Depths to groundwater vary seasonally and diurnally.

These depths should only be considered
approximate (6/21/95 data presented for Zone C wells; 8/8/97 data presented for Zone C temporary
wells; 10/16/96 data presented for Zone E wells).

Two shallow/deep well pairs, NBCEGDEQ27/27D and NBCEGDEO028/28D, drilled during the

Zone E RFI, and are located within the southeastern portion of Zone C. Lithologic data from

these two borings as well as those within Zone B were considered in evaluating the subsurface
geology of Zone C. Please refer to the Final RFI Report CTO-0029 Zone B (E/A&H,
November 1996) and Draft Zone E RFI Report (E/A&H, November 1997) for boring log data for

these additional locations.

Of the stratigraphic formations described in Section 2.1.1, the two most prominent formations

encountered were the Wando and Ashley formations. The lowermost stratigraphic unit identified

is the Ashley Formation of the Tertiary Cooper Group. The bulk of the sediments overlying the

24



T

)

|
f
- O
/S , =
i A N =
| e SR o
Ral By . 53
25 ;\i/ R ()~ ' v ) ﬂ
O 4; Q:.Z”'“‘”"‘“)
/) oy
0440277 Wi ~ =~ ’EL
/A @O_Ogé LA %\
#:005 . )\ \ Ty RN gy
(044028 4/2 o
f .

8% i\\‘\x@_\ ;

BCBEDBDAIA-.

GbNBCBGDE%M%&}m«\\ ‘
(=)

e e

~J0

NBCBGDB04D
@
NBCBGDB004
\_ S
v (s \ -
; ) NBCEGDE 19D
NBCEGDEO18

=

W BCEGDE 18D

il
W= BCES3001D

""I
AR TBCES3901D
j§-=’§CE539001

% o (VBCEO /001D
i\ NBCEO70002

R

LEGEND
@ — SHALLOW MONITORING WELL
@ — DEEP MONITORING WELL

@® — TEMPORARY MONITORING WELL
<4 — DEEP SOIL BORING

400 0 400
e I ——
SCALE FEET
ZONE C FIGURE 2.1
RCRA FACILITY ZONE C
INVESTIGATION REPORT GROUNDWATER MONITORING WELL
NAVAL BASE CHARLESTON LOCATION MAP
CHARLESTON, S.C. DWG DATE: 10,/09/97 JDWG NAME: 2903GWMW

O0CO07/! 604:



ELEVATION - FEET MSL

SW

30 — A
o NBCCGDCO1D
} |
i I
20— ‘
- | NE
I | 40" BEND IN_SECTION !
5 ] > NBCC047008 NBCCGDCO2D A
10 —] - SOIL_BORING
] - S BN NBCC044027
0 —
; ?
=10 — i
]
ApE— 1
] e e e By By e e By e e By R B ey iy
__4"_" pap— i _a,._....u..-....-q.—A.——A,—a,_a,_—n-u.-—\—--A.—h—«,—m_u—-m:—m—w—--ﬁ-—:—&—m—m—m—m
SRy
A —
6ﬂ By ey ——
i Py p—— R R e e
- LS Ry y—" p—"—— LR R T B
.,,_
J i
=%
] e
i ey i _:’_*_;
i e e e e —— e PR R R B g e " | T — I LR S bl T i
E T i e i e e ] ey e By =
A b A by e R e A A T
B 400 800 1200 1600 2000 2400 2800 3200 LE00 4000

VIEW BASELINE — FEET

CFOSS*SECTION A-A
|

VERTICAL SCALE: 1"=10'
HORIZONTAL SCALE: 1"=400
VERTICAL EXAGGERATION 1:40

TTTTTTT

G 100

—p—p——+——— INFERRED CONTACT

NBCCC47006

= WELL BORING

SCREENED INTERVAL OF WELL
TOTAL DEFTH OF WELL BORING

LEGEND

I ey N, A
. o il it $
I IJI H J . 4 }} } 1_, ll!-l =
f e N o ] R
L I =ty -~ e SRt T i L o
e iy 5 Vi e i i ForTy
o ey i ':‘\. \ k._ M"' ‘(‘j ,l "_ﬂ
= ha i ;
BN o
i L S H
_}i\ R l||%_.a-—~-'—_,-:». SR :
% o R 3} 1-\
fi \l\ -‘Iﬁ'}
I © B Y
\._ B— Ii, Iil. '::-
_._:-\x_ L ;‘.Irg..d-ri_;_n-——_-u_ ,,,,, G . 'l_‘_f_‘_.
“H/:'_"g-p J\ﬁ\ ﬁz_ iy R ;\_.r
1% % A ;"

- i b Q‘? -~ P '\.\
s o & i}}'h
T \ A K}t O
N .u".:;: o P B I R T
ﬂti?'r'{ . v:i\__ _,,..a"”"df 3‘\.’:"‘:\:\‘\"\ \\_:_‘Q:’:/*-_,i.
I e
Pt ; i
{ PR sl ¢ Vi
I= y e
5 P 3
. e //":F' i
P e ST, P o
) O
,f.'r r-—u\ﬁzﬁ,}[}
e -.-f”;., bt ;? A
S |77
L R b )ﬂ{’?f

1 ¥ {r i
A /LTS Ae
A T S ’ &

AT e, WS

] -

__LEGEND

4 — SOIL BORING
@

@

— DEEP MONITORING WELL
— SHALLOW MONITORING WELL

400 0 400

)

SCALE FEET

with location.

Undifferentiated mixture of medium to high plasticity
clays, fine sand, silt, gravel and ROC. Varfes greatly

A1 peeasional mottling of orange or red; medium
plasticity; typically stiff: some very fine to fine gand
1 present usudlly in matrix; no organic material.

—~light gray to green—gray with

ACUITARD

organic; low to medium plasticity, soft; silty,
occasional very fine to fine sand present as stringers
and laminae; dlso occurs gs clder, more compacted
and stff marsh clay deposits at depth,

——gray to black; highly

| predominantly very fine to fine with occasionaly
| gradations of medium to coarse grain fractions;
.| occasiongl shell hash andphosphate nodules.

< | AQUIFER.

——Hght brown to gray,

IERTIARY ASHLEY FORMATION.
brown st with varying amounts of clay ond very fine
sand, medium plasticity, firm to stiff, trace colearsous)

CONFINING UMIT.

——glive—green to ollve—

|
|
!
PLAN VIEW

ZONE C

FINAL RCRA FACIITY
INVESTIGATION REPORT
NAVAL BASE CHARLESTON
CHARLESTON, S.C.

| '. FIGURE 2.2

| e ETEION ' LITHOLOGIC EEEISS SECTION

| Rev Number:000 Rev Dote:D0/00/00 Rev By: MAME

| Rev Number: 000 Rev Date:00/00/00 Rev By: NAME Dr by: E. ROGERS Tc by: E. ROGERS

? Rev Number:000 Rev Date:00,/00/00 Rev By: NAME g T Fone
I Rev Number: 000 Rev Date:00,00,00 Rev By: NAME bl

I Rev Number:000 Rev Date:00/00/00 Rev By: NAME Date: 10/08/97 DWE Name:2903LCSA | of 1
|

— —
OO0 7 GO DX




Zone C RCRA Facility Investigation Report
NAVBASE Charleston

Section 2 — NAVBASE Physical Setting

’ Revision: 0

Ashley are thought to make up the Quaternary Wando Formation. However, several different
Quaternary-age units are physically similar to the Wando and cannot be unequivocally identified
in the field. There is also the possibility of Quaternary-age reworking of Tertiary sediments. As
a result, the deposits encountered overlying the Ashley were lumped into Quaternary-age

groupings.

Borehole lithologic information in Zone C is limited the information to the upper 85 feet of the
subsurface. Boring data were used to construct a lithologic cross section A-A’ across Zone C
(Figure 2.2). Additional boring data from Zones A, B, and E deep well locations were used to
construct a contour map of the elevation of the top of the confining unit, which is primarily the

Ashley Formation for most of Zone C (Figure 2.3).

2.1.3 Ashley Formation (Ta)

The Ashley Formation was encountered in all Zone C deep borings. The top of this formation,
which was the target of deep borings, was encountered from -6.1 feet msl and -60.7 feet msl at
locations GDE28D and GDCO02D, respectively. The significant relief of its surface is clearly
evident in Figures 2.2 and 2.3. Shallow elevations of the Ashley exist in the southern portion of
the zone and decrease towards the north. A depression in the Ashley is located in the vicinity of

GDCO02D.

The Ashley Formation is an olive-yellow to olive-brown, tight, calcareous, sandy and clayey silt
often found dry in split-spoon samples. A sample collected for physical parameter analysis from
the Ashley Formation at GDC02D was composed of 26% sand, 47% silt, and 27% clay. Five
Ashley Formation samples collected in Zone H for grain-size analysis revealed an average silt,
sand, and clay content of 49%, 27%, and 27 %, respectively. Geotechnical information for the

physical parameter samples collected in Zone C is presented in Appendix B.
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2.1.4 Quaternary-Age Sediments

Overlying the Ashley Formation in Zone C and extending to ground surface (in areas not covered

by fill materials) are Quaternary-age sediments which range in thickness from approximately 16 to

70 feet at GDE28D and GDCO02D, respectively. Four Shelby tube samples were collected from

the near surface (< 20 feet bgs) Quaternary-age sediments underlying Zone C. The average

porosity for these samples was 35%. The grain-size distribution for these samples averaged 96 %

sand, 3% silt, and 1% clay.

The Quaternary-age deposits introduced in Figure 2.2 consisted of three lithologic units, which

are briefly summarized as follows:

o Quaternary-age clay (Qc):

. Quaternary-age marsh clay (Qm):

. Quaternary-age sand (Qs):

Light gray to green-gray with occasional orange and
red mottling; medium plasticity; typically stiff; some
very fine to fine sand present usually in matrix; no

organic material.

Gray to black; highly organic; low to medium
plasticity; soft; silty; occasional very fine to fine
sand present as stringers and laminae; also occurs as
older, more compacted and stiff, dewatered marsh

clay deposits at depth.

Light brown to gray; predominantly very fine to fine
with occasionally gradations of medium to coarse
grain fractions; occasional shell hash and phosphate

nodules.
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The Qs unit is the most predominant of the Quaternary-age units found in Zone C. The Qm and
Qc deposits have limited lateral continuity and are primarily localized. The greater concentration

of Qm deposits to the north reflects the marsh environment associated with Noisette Creek.

The boring log for GDCO1D illustrates the lithology encountered in the extreme southwestern
portion of Zone C. Fine sand was present in this well from the surface to 15 feet bgs. From 15
to 26 feet bgs, the lithology is primarily sandy clay, although clay content decreases over the last
2 to 3 feet. A well-sorted, medium to coarse grained shell hash was present from 26 to 29 feet
bgs, which was underlain by another 7 feet of fine sand to 36 feet bgs. The Ashley Formation was

encountered at the base of this sand.

A significant variation in lithologic composition was encountered at GDE27D in the southeastern
portion of the zone. Beneath the upper 5 feet of fill (clay and unconsolidated sand), a 20-foot
section of very fine to fine sand (Qs) with some medium-grained lenses and silty sections was
encountered. Rapidly interbedded fine-grained silty sand and clay laminae were present from
25 to 35 feet bgs, followed by more than 2 feet of poorly sorted, fine to coarse sand with shell
fragments and black phosphate fragments to approximately 37 feet bgs. Older, compacted marsh
clay (Qm) was present from 37 feet bgs to the top of the Ashley Formation at 40 feet bgs.

The boring log for GDCO2D illustrates the lithology encountered along the Zone C and B
boundary in the vicinity of the depression in the Ashley Formation shown in Figures 2-2 and 2-3.
The interval between ground surface and the top of the Ashley Formation at GDCO02D is primarily
fine to medium-grained sand (Qs), except for three deposits of stiff, gray clay (Qc) present at 8 to
12 feet bgs, 49-50 feet bgs, and 54-57 feet bgs. From 57 feet bgs to the top of the Ashley
Formation at 70 feet bgs, sand (Qs) with increased silt and clay content was present. A sample

collected for physical parameter analysis from 54 to 70 feet bgs was composed of 78 % sand, 10%
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silt, and 12% clay. The depth of sand development at this location reflects the extensive erosion

of the Ashley Formation during the Quaternary period.

2.1.5 Soil

The extent of fill materials in Zone C reflects topographical relief within the zone. Fill materials
were not encountered along the southwestern and western portions of the zone, which are higher
in elevation and are primarily residential. Lower elevations to the east, southeast, and northeast
(near Noisette Creek) are closer in elevation to sea level and have a greater preponderance of fill

materials in the upper 5 to 10 feet of the shallow subsurface.

2.2 NAVBASE Hydrogeology

2.2.1 Regional Hydrologic and Hydrogeologic Background

Parts of the southern portion of NAVBASE are drained by Shipyard Creek, while northern areas
are drained by Noisette Creek. The drainage basins of both waterways include areas other than
NAVBASE. These waterways are tributaries to the Cooper River. Surface drainage over the
remainder of NAVBASE flows directly into the Cooper River, which discharges into

Charleston Harbor.

Shipyard Creek, a small tidal tributary about 2 miles long, flows southeast along the southwestern
boundary of NAVBASE to its confluence with the Cooper River opposite the southern tip of
Daniel Island. Piers line the western shore of the channel's lower mile, while the entire length

of the eastern shore is bounded by tidal marshland.
Noisette Creek, which transects the northern portion of NAVBASE, is a tidal tributary

approximately 2.5 miles long. The creek flows nearly due east from its headwaters in the City of

North Charleston and empties into the Cooper River.
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Groundwater occurs under water table or poorly confined conditions within the Pleistocene
deposits overlying the Ashley Formation. Transmissivities in the Pleistocene aquifer are generally
less than 1,000 square feet per day (feet/day) and well yields are variable, ranging from 0 to
200 gallons per minute (gpm). This groundwater contains high concentrations of iron and is

commonly acidic at shallow depths (Park, 1985).

The Ashley Formation is hydrogeologically significant mainly because of its low permeability. In
most locales, its sandy, finely granular limestones produce little or no water and act as confining

material that produces artesian conditions in the underlying Santee Limestone (Park, 1985).

The Santee Limestone aquifer is typically artesian, except in outcrop areas. Yields from wells in

the Santee are typically less than 300 gpm (Park, 1985).

2.2.2 NAVBASE Hydrogeologic Investigation
Hydrogeological information was obtained from slug test analysis and water level measurements
conducted during the Zone C RFI. Vertical permeability, grain-size distribution, and porosity

were estimated from analysis of Shelby tube samples collected during drilling.

2.2.3 Lower Confining Unit

The high clay and silt content, laterally consistent overall thickness, and very low vertical
permeabilities of the Ashley Formation indicate that this formation behaves as a confining unit
beneath much of Zone C. Zone H Shelby tube samples collected from the Ashley exhibited a very
low average vertical hydraulic conductivity of 0.0027 feet per day. According to Fetter (1988),
sediments with permeabilities of 10° centimeters per second (cm/sec) (0.03 feet/day) or less can
be considered confining units. The low vertical permeability in the Ashley indicates an extremely
low potential for groundwater movement downward through the unit. The fact that samples

collected from this formation were dry to moist lends further credence to its designation as an
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aquitard. As a confining unit, the Ashley behaves as a hydraulic barrier between the water-bearing

Quaternary-age sediments and underlying formations.

As shown in Figure 2.3, the Ashley Formation was not encountered at several locations close to
the Zone C boundary in Zone E (NBCEGDEI18D and NBCES53001D) and Zone B
(NBCBGDBO04D); instead, older, compacted deposits of marsh clay (included as Qm deposits in
the Zone C lithologic unit classification) were found. Samples of this unit from the Zone E RFI
(classified as Qco in the Draft Zone E RFI Report) had an average vertical permeability of
2.16 x10° cm/s (0.0061 feet/day) and averaged 4.5% sand and 95.4% silt and clay. These
physical characteristics are similar to those of the Ashley, indicating that the older, compacted and
dewatered Qm deposits also behave as a confining unit, although localized in extent. At GDE27D,
3 feet of Qm was found overlying the Ashley, indicating that the unit pinches out to the west.
Therefore, it is thought that the confining unit beneath all but the extreme southeastern corner of

Zone C is the Ashley Formation.

2.2.4 Surficial Aquifer

The high sand content (approximately 90%) and moderate vertical permeability of the
Quaternary-age units found in Zone C indicate that this formation is an aquifer. Shelby tube
samples collected from this formation exhibited a moderate average vertical hydraulic conductivity
of 2.1 feet/day. According to Anderson (1990) and Fetter (1988), sediments with permeabilities
between 1 and 10 feet per day and greater than 0.03 feet/day are defined as unconfining fine sand

with water-transporting capabilities.

The surficial aquifer primarily behaves as an unconfined aquifer throughout Zone C. Shallow
wells monitor fluctuations of the water table, which was generally encountered within 6 feet bgs.
Deep wells, in the absence of any aquitards, monitor hydrostatic pressure of the unconfined

aquifer for that portion of the aquifer immediately overlying the confining unit. The presence of
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Qc and Qm deposits may result in locally semi-confining conditions in Zone C, primarily in areas
of greater clay development (i.e., Noisette Creek and SWMU 44). Localized semi-confined
conditions are probably prevalent at GDCO02D based on the 3-foot thick Qc deposit located
approximately 5 feet above the top of the well screen (Figure 2.2).

2.2.5 Groundwater Flow Direction

Groundwater levels in Zone C wells were measured as part of a base-wide water level
measurement event on June 28, 1996. Since the shallow well screens intersect the water table,
groundwater elevations measured in shallow wells represent the water table surface. A
groundwater elevation map using the shallow well data is presented in Figure 2.4; it includes
several Zone B and E wells to further define the geometry of the water table surface. Four wells
at SWMU 47 were inaccessible during this event and are labeled “ND” for no data in Figure 2.4.
Intermediate contours representing the 2.5 and 3.5-foot elevations were included to further define

the hydraulic head domain.

Groundwater elevations are highest in the west and southwestern portion of Zone C. A
groundwater divide (labeled “A” in Figure 2.4) trends roughly southwest to northeast and separates
the northwestern and southeastern portion of the zone. Groundwater northwest of divide “A”
either flows off NAVBASE property or toward SWMU 44. Southeast of divide “A” groundwater

flows east toward Zones B and E.
A Zone C deep well groundwater elevation map was not constructed due to the limited number

and spacing of deep wells. The deep wells will, however, be used in developing base-wide

groundwater elevation maps.
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2.2.6 Vertical Hydraulic Gradient i
When water levels at the two shallow/deep well pairs in Zone C are compared, one well pair 2
exhibited a positive hydraulic gradient and the other a negative gradient. Positive gradients 3
indicate a downward potential for vertical flow and negative gradients indicate potential for 4

upward flow. 5

Table 2.2 presents the calculated vertical hydraulic gradients between the shallow/deep well pairs. ¢

The vertical gradients were calculated by dividing the differences between shallow and deep water 7

level elevations by the vertical distance between the bottom of the well screens. 8
Table 2.2
Vertical Hydraulic Gradients
Groundwater
Elevation Vertical Distance Vertical Hydraulic
Well Pair Difference (ft) (ft) Gradient (ft/ft)

GDCO001/GDCO1D 073 22.5 0.01

GDC002/GDC02D -0.8 59 (-)0.01
Note:
) = upward potential

The well pair at GDC001/GDCO01D has a downward hydraulic gradient (positive), indicating the ¢
potential for groundwater to flow from upper to lower portions of the aquifer. The well pair at 10
GDC002/GDCO02D exhibits a negative vertical gradient, indicating a potential for upward vertical 11
flow of groundwater in the aquifer. This is probably a reflection of the presence of a Qc aquitard 12
overlying the deep well screen and the fact that the well location coincides with an erosional scour 13

in the Ashley Formation. A vertical hydraulic gradient map is provided in Figure 2.5. 14
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2.2.7 Horizontal Hydraulic Gradient 1
The shallow groundwater elevation map (Figure 2.4) was used to construct representative 2
groundwater flowpaths across various portions of Zone C. Six flowpaths, labeled A-F in 3
Figure 2.4, were drawn for gradient calculations. Flowpaths A and C provide gradient estimates 4
across SWMUs 44 and 47, respectively. The remaining flowpaths estimate generélized gradients 5
across the zone. At some locations, well locations coincided with flowpath endpoints, while at

others, estimates from the contour lines were used. Table 2.3 presents horizontal hydraulic 7

gradients computed along each flowpath. 8
Table 2.3
Horizontal Hydraulic Gradient
Ah Ax i
Flowpath (ft) (ft) (ft/ft)
- A i gl e g
B 2.41 435 0.0055
C 2.05 785 0.0026
D 0.74 1035 0.0007
(shallowest) 4 v - ) /
E e 0.0095
(steepest) ‘
F 4 790 0.0051
Notes:
Ah =  Change in hydraulic head
Change in distance

>g
>
nn

horizontal hydraulic gradient
The steepest gradient was calculated in the southwestern portion of Zone C. The shallowest was 9

in the southeastern portion of the zone. The gradients across SWMUs 44 and 47 are similar in 10

magnitude. 1
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2.2.8 Hydraulic Conductivity (K,)
Rising and falling head slug tests were conducted to determine the hydraulic conductivity of the
aquifers. The hydraulic conductivities for shallow and deep aquifer depths are presented in
Tables 2.4 and 2.5 and were plotted next to their respective wells to produce Figure 2.6. Injecting
the slug produced falling head data and withdrawing the slug produced rising heads. Both rising
and falling head slug tests were conducted on 30% of the wells installed in Zone C.

Table 2.4

Zone C
Shallow-Well Slug Test Hydraulic Conductivity Results in feet/day

Well Rising Hea Falling Head K, Geometric Mean*

. ok 2.80

044006 . 1.22 o L Lso o 135
' 047001"" U o | 142 L . 4‘ 805 . de 107
047003 5.18 Not Used ' 5.18
047006 s 2w 4.06
510001 ' 9.57 881 » 9.18
523001 540 289 35
GDC001 0.830 0.530 . 0.660
Gpooz | . em 345  am
Note:
* = Average calculated using the falling and rising head values.
Table 2.5
Zone C
Deep-Well Slug Test Hydraulic Conductivity Results in feet/day
Well Rising Head K, Falling Head K Ggometric Mean“=
epcolp . 3m N A 341
GDCO02D 0.92 0.99 0.96
Note:
* = Average calculated using the falling and rising head values.
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Data from the slug tests were compiled using the computer program AQTESOLV (Aquifer Test
Solver) by Geraghty and Miller Modeling Group (1989). Rising and falling head slug test data
from the aquifer were plotted using an unconfined aquifer solution. For this solution, elapsed time
versus displacement (change in water levels) was plotted on a semi-logarithmic graph. Hydraulic
conductivity (K;) was computed by the program using an equation developed by Bouwer and Rice

(1976) for unconfined aquifers. The output from the program is included in Appendix C.

Because hydraulic conductivity data are lognormally distributed, the geometric mean is the best
measure of central tendency. Therefore, the average hydraulic conductivity for each well is

presented as the geometric mean of the falling and rising head values.

The range of shallow K, values is 0.660 to 10.7 feet/day. The K; value at GDEOO1 is
anomalously low given its extensive sand development. Values at 044001 and 044006 are low due
to the highly interbedded nature of sand and clay deposits associated with the marsh environment
near Noisette Creek. Apart from SWMU 44, sand development within most of Zone C is
extensive and fairly homogenous. An effective conductivity value (K,;) of 4.38 feet/day was
calculated as the geometric mean for all shallow well locations, except those at SWMU 44. A Ky
value for the two SWMU 44 locations was similarly calculated as 1.94 feet/day. These values will

be used in Section 2.2.9 for horizontal groundwater velocity calculations.
The geometric mean from the deep well data is 1.81 feet/day.
2.2.9 Horizontal Groundwater Velocity

To estimate the rate at which groundwater and possibly dissolved contaminants are migrating,

groundwater velocity was calculated using the following formula:
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V- K~xi
n
e
Where:

| % = horizontal groundwater velocity
K = hydraulic conductivity
] - horizontal hydraulic gradient
n, = effective porosity

The average porosity of 34.5% found in Quaternary sand (Qs) was used as the effective porosity
in the equation. The horizontal hydraulic gradients presented in Section 2.2.7 and effective

hydraulic conductivities (K.¢) determined in Section 2.2.8 were used in the above equation.

Table 2.6 presents estimated groundwater velocity along the six flowpaths previously presented
in Figure 2.4. No velocity estimates were made for the deep aquifer since only two deep wells

are in Zone C.

Table 2.6
Groundwater Velocity Results
K.« i Velocity
Flowpath (ft/day) (ft/ft) (ft/day)
A 1.94 0.0036 0.0202
B 4.38 0.0055 0.0698
C 4.38 0.0026 0.0330
D 4.38 0.0007 0.0089
E 4.38 0.0095 0.1206
F 4.38 0.0051 0.0647
Notes:
R - effective hydraulic conductivity
i = horizontal hydraulic gradient
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2.3 Climate

The climate of the Charleston Harbor area is relatively mild compared to areas farther inland. The
mountains in the northern portion of the state serve as a barrier to cold air masses from the
northwest, and the Bermuda high-pressure system limits the progress of cold fronts into the area.
These conditions produce relatively mild, temperate winters. Summers are hot and humid, but
relatively moderate with regard to temperature extremes. Moderate summer temperatures are

largely due to the influence of the Gulf Stream (S.C. SEA Grant Consortium, 1992).

The average monthly air temperatures for the Charleston area are presented in Table 2.7. The
temperatures are generally moderated by marine influences and are often 2°C to 3°C lower in the
summer and 3°C to 8°C higher in the winter than areas farther inland. Temperatures higher than
38°C and lower than -6.5°C are unusual for the area (S.C. SEA Grant Consortium, 1992).

Table 2.7
Mean Temperature and Wind Data
for Charleston Harbor between 1970 and 1985*

Daily Max Daily Min Mean Speed Prevailing
Month °C) °C) (km/hr) Direction

January 16.4 3.1 14.8 SW
February 16.8 4.5 16.6 NNE
March 20.0 753 16.7 SSwW
April 24.9 11.5 16.1 SSW
May 28.8 16.6 143 S

June 31.6 20.6 13,7 S

July 31.6 2202 13.0 SwW
August 31.5 21.4 12.1 SW
September 29.2 18.8 13.0 NNE
October 25.1 12.7 13.2 NNE
November 19.9 6.6 13.2 N

December 16.1 3.5 14.0 NNE
Annual 24.3 12.4 14.2 NNE

Note:
# = S.C. SEA Grant Consortium, 1992
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The wind direction and velocity in the Charleston area are highly variable, and rather evenly
distributed in all directions. The inland portions of the region are subjected to a
southwest-northeast wind regime. The prevailing winds are northerly in the fall and winter, and
southerly in spring and summer. The monthly average wind velocities and directions for the area
range from a low of 12.1 kilometers per hour (kph) in May to a high of 16.7 kph in March. The
average monthly wind speeds and prevailing wind directions are also presented in Table 2.7

(S.C. SEA Grant Consortium, 1992).

The Charleston area averages 124.9 centimeters (cm) of precipitation annually, almost exclusively
rainfall. Very little precipitation is recorded as snow, sleet, or hail. The greatest mean monthly
precipitation is normally received in July while the smallest amount normally occurs in November

(S.C. SEA Grant Consortium, 1992).

Relative humidity in the Charleston Harbor area is normally very high and fluctuates greatly.
Generally, it is higher during the summer months than other times of the year, and the coastal
areas exhibit a lower relative humidity than inland areas. The monthly mean relative humidity for

four different times of day are presented in Table 2.8 (S.C. SEA Grant Consortium, 1992).
Cloud cover varies widely for Charleston, with annual averages of 101 clear days, 115 partly

cloudy days, and 149 cloudy days. The mean monthly clear, partly cloudy, and cloudy days for
the area are also presented in Table 2.8 (S.C. SEA Grant Consortium, 1992).
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Table 2.8
Monthly and Annual Mean Precipitation, Relative Humidity, and Cloud Cover
for Charleston Harbor between 1960 and 1985*

Relative Humidity by Time Cloud Cover
(%) % Number of Days
Precipitation Partly
Month (cm) 0100 0700 1300 1900 Clear Cloudy Cloudy
January 6.45 8 84 55 73 8 8 15
February 8.36 79 82 52 68 9 6 13
March 9.98 81 83 50 67 9 9 13
April 7.32 84 84 50 67 11 8 11
May 9.17 88 84 54 72 8 12 11
June 12.65 90 86 59 75 6 12 12
July 19.58 91 88 64 79 4 13 14
August 16.79 92 91 63 80 5 14 12
September 14.81 91 91 63 82 i 11 12
October 7.21 88 89 56 80 12 8 11
November 5.31 85 87 51 77 13 6 11
December 7.24 82 84 54 74 9 8 14

Annual 124.87 86 86 56 15 101 115 149

Note:
? = (S.C. SEA Grant Consortium, 1992)

The primary concern as far as climate extremes are concerned is the occurrence of tropical
cyclones or hurricanes. Hurricanes frequent the east coast of the United States and almost always
have some effect on the weather around Charleston Harbor. Hurricanes normally occur between
August and December. The last hurricane to make landfall in the Charleston area was Hurricane
Hugo, a class IV hurricane which struck Charleston in September 1989 causing severe damage.
Tornados are extremely rare in the vicinity but have occurred in the inland portions of Charleston

County (S.C. SEA Grant Consortium, 1992).
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3.0 FIELD INVESTIGATION

The following section lists the objectives of the field investigation and describes the technical
sampling methodologies, procedures, and protocols implemented during data collection within
Zone C. Fieldwork was conducted in accordance with the Final Comprehensive Sampling and
Analysis Plan (E/A&H, August 1994) (CSAP) and the USEPA Region IV Environmental Services
Division, Standard Operating Procedures and Quality Assurance Manual  (USEPA,
February 1991) (ESDSOPQAM). Sampling and investigatory methods used in the Zone C RFI
investigation are summarized in this section. Any deviations from the approved work plans, such
as the number of samples collected, modified locations, or procedures, etc., were documented in

the field and are discussed in detail in Section 10, Site-Specific Evaluations.

3.1 Investigation Objectives
The sampling strategy for each AOC and SWMU in Zone C, as detailed in the Final Zone C RFI
Work Plan (E/A&H, November 1995), was designed to collect sufficient environmental media data

to accomplish the following:

. Characterize the facilities in Zone C.

. Define contaminant pathways and potential receptors (on and offsite, where applicable).
. Define the nature and extent of contamination, if any, at Zone C sites.

. Assess human health and ecological risk.

. Assess the need for corrective measures.

3.2  Sampling Procedures, Protocols, and Analyses

3.2.1 Sample Identification

All samples collected during this investigation were identified using the 10-character scheme from
Section 11.4 of the CSAP. This scheme identifies the samples by site, sample matrix, location,

and sample depth. The first three characters identify the site where the sample was collected. The
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fourth character identifies the matrix or quality control (QC) code for the sample. The fifth
through eighth characters identify the sample location. The ninth and tenth characters identify the
soil sample depth or sample interval. For example: sample ID 044SB00402 is a second-interval
soil sample from Boring B004 at SWMU 044. For the groundwater samples, the ninth and tenth
characters identify the sampling sequence. For example, 523GWO00101 is the first groundwater
sample collected from monitoring well W001 at AOC 523, and 523GW00102 would indicate the

second groundwater sample collected.

3.2.2  Soil Sampling
Section 4 of the CSAP describes soil sampling procedures and activities used in the RFI. The

following subsections summarize site-specific procedures implemented in Zone C.

3.2.2.1 Soil Sample Locations

Soil samples were collected from locations proposed in the Final Zone C RFI Work Plan (E/A&H,
November 1995), which were based on the investigation strategy outlined in Section 1.2 of that
document. Each SWMU and AOC primary sampling pattern is justified in Sections 2.1 through
2.6 of the Work Plan. Some proposed sample locations were modified slightly due to utility

locations. A few locations were inaccessible due to the thickness of concrete overlying the soil.

At some sites, additional samples were required to adequately characterize contaminant
distribution. After the analytical data were interpreted for samples collected during the initial
round of soil sampling, a second sampling round was proposed in some areas to define the extent
of contamination. Typically, additional sample locations were justified due to relatively high

contaminant concentrations identified on the previous sampling pattern's perimeter.
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3.2.2.2 Soil Sample Collection

Composite soil samples were generally collected for laboratory analysis from O to 1 foot bgs and
from 3 to 5 feet bgs. The 0- to 1-foot bgs interval is referred to in this report as the first or upper
interval sample. At soil sample locations overlain by pavement, the upper interval was collected
from the base of the pavement to 1 foot below the base of the pavement. The 3- to 5-foot bgs
interval is referred to as the second or lower interval sample. No other intervals were sampled
due to the relatively shallow depth to groundwater in Zone C, typically from 2 to 6 feet bgs. No

saturated soil samples were retained for laboratory analysis.

Stainless-steel hand augers were used to collect soil samples. At sodded locations, the sod
(generally less than 2 inches thick) overlying the soil sample at the upper interval was removed
before augering to 1 foot bgs. As the auger filled with soil, it was removed from the hole, and
its contents were placed in stainless-steel mixing bowls. This process was repeated until the entire
interval had been collected. The lower interval sample was collected using a clean decontaminated
stainless-steel auger, following the same procedures. A coring machine was used at numerous

locations to gain access to soil covered by concrete and/or asphalt.

3.2.2.3 Soil Sample Preparation, Packaging, and Shipment
Section 11 of the CSAP details procedures for sample preparation, packaging, and shipment.

Below is a brief overview of the procedures for soil samples.

Sample material was transferred from the stainless-steel bowl to a glass sample jar using a
stainless-steel spoon. Samples collected for volatile organic analysis (VOA) were not
homogenized, but were containerized immediately with zero headspace to minimize the possibility
of volatilization. Soil for all other analyses was homogenized with a stainless-steel spoon and
packed into appropriate containers. Any remaining soil was returned to the auger hole. Bentonite

pellets, hydrated in place, were used to fill any remaining space.
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Soil samples were identified as described in Section 3.2.1 of this document, and in accordance
with Section 11.4 of the CSAP. From the moment of collection, labels were affixed to each
sample container. Other pertinent information such as weather conditions, date and time of
collection, sampling team, and a sketch of the location was included in a Zone C soil sampling

logbook.

Soil sample containers were individually custody-sealed, encased in protective bubble wrap and
a resealable plastic bag, and placed in a cooler for shipment. The samples were further packed
with ice and double-bagged in waterproof resealable plastic bags to ensure proper preservation at
4°C. All samples were then entered onto an official chain-of-custody form, which was then

affixed to the top, inside surface of the sample cooler.

After entering sample numbers, analyses, times, date, and an air-bill shipping number into an
official shipping log, the coolers were shipped priority overnight via FedEx to the analytical

laboratories.

3.2.2.4 Soil Sample Analysis
Soil samples were analyzed per USEPA SW-846 methods at Data Quality Objective (DQO) Level

III unless otherwise noted, as follows:

. Volatile organic compounds (VOCs) USEPA Method 8240

. Semivolatile organic compounds (SVOCs) USEPA Method 8270

* Pesticides/polychlorinated biphenyls (PCBs) USEPA Method 8080

. Cyanide USEPA Method 9010

. Metals Title 40 Code of Federal Regulations
(CFR) Part 264 Appendix IX

. Total petroleum hydrocarbons (TPH) USEPA Method 418.1
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Approximately 10% of the soil samples collected in Zone C were duplicated and submitted for
Appendix IX analytical parameters at DQO Level IV. These additional samples were collected
to fulfill quality assurance/quality control (QA/QC) standards while cost-effectively analyzing

additional parameters.

In addition to the analyses listed above, the following Appendix IX parameters were also analyzed

for:

@ Hexavalent chromium USEPA Method 218.4
. Dioxins USEPA Method 8290
® Herbicides USEPA Method 8150
. Organophosphate pesticides USEPA Method 8140

If contaminants were detected above risk-based screening levels, additional samples were collected
for soil engineering parameter data to be used in the CMS and the contaminant fate and transport

assessment of this report.

The engineering parameters were as follows:

° Cation Exchange Capacity (CEC) USEPA Methods 9080, 9081
- Total Organic Carbon (TOC) USEPA Method 9060

. pH USEPA Method 9045

. Nitrate USEPA Method 9056

. Nitrite USEPA Method 9056

. Ammonia USEPA Method 350

. Phosphorus (total) USEPA Method 365.4

. Sulfur (percent) ASTM’ D-129-64

33

10

11

12

14

15

18

19

20

21



Zone C RCRA Facility Investigation Report

NAVBASE Charleston
Section 3 — Field Investigation
Revision: 0
. Chlorides (percent) ASTM D-2015-77
. Bulk Density ASTM D-1587-83
. Soil Moisture ASTM D-2216-80
. Unsaturated Hydraulic Conductivity ASTM D-2434-68
. Grain-Size Analysis ASTM D-422-63
" Hydrometer Analysis ASTM D422
. Synthetic Precipitation Leachate Procedure USEPA Method 1312
. Porosity Sowers and Sowers, 1951

Note: ° American Society for Testing and Materials

3.23 Monitoring Well Installation and Development

Section 5 of the CSAP describes the methods used during monitoring well installation and
development. All monitoring wells were installed in accordance with South Carolina Well
Standards and Regulations after permits were acquired from the South Carolina Department of
Health and Environmental Control (SCDHEC). The following subsections briefly describe the
site-specific methods applied in Zone C. Appendix A includes all lithologic boring logs and

monitoring well construction diagrams for Zone C.

3.2.3.1 Shallow Monitoring Well Installation

The shallow monitoring wells were installed so that groundwater samples could be collected from
the shallow aquifer's upper portion. These monitoring wells were installed using the hollow-stem
auger drilling method, which involved augering to the total depth of the borehole using hollow-
stem auger flights tipped with a lead auger head. The total depth of the shallow wells depended
primarily on depth to groundwater. Every effort was made to bracket the water table surface at
each shallow monitoring well location. However, this was not always possible due to the shallow
depth to groundwater. Because groundwater is encountered at approximately 2 to 6 feet bgs across

NAVBASE, the typical depth shallow monitoring well was 11 to 13 feet bgs.

3.6

10

11

12

13

14

15

16

18

19

20

21

22

23

24

25



Zone C RCRA Facility Investigation Report

NAVBASE Charleston
Section 3 — Field Investigation
Revision: 0

For each monitoring well borehole, a 2-foot split-spoon was collected for lithologic
characterization at 5-foot intervals. These soil samples were visually classified and screened for
organic vapors by the onsite geologist, but were not retained for chemical analysis. Typical split-
spoon sample intervals in shallow monitoring well boreholes were collected between 3 to 5 feet
bgs, 8 to 10 feet bgs, and 13 to 15 feet bgs. A sample representing the <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>